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Leaf water and stomatal movement in Gossypium and a method of

direct visual observation of stomata in situ

Francis E. Lloyd

In a previous paper* it is shown that the rates of transpiration

in cut shoots of the ocotillo, Fonquieria splendens, recorded by

simultaneous volumetric readings and weighings, are not parallel,

but that the loss of water from the plant during the day is in

excess of that taken up by the cut end of the shoot from the

porometer. This result is in general harmony with the findings

of Eberdtf with rooted plants of Helianihus anmms. It was not,

however, found to be true in my study of the ocotillo that the loss

of water takes place at a constant ratio during the hours of day-

light, since the whole relation between the income and outgo may
be reversed within a short space of time even during daylight by

an apparently slight modification of the environmental condi-

tions. This ready susceptibility of the plant lent color to the

idea that the differences indicated by volumetric and gravimetric

readings are measures of differences in the leaf moisture content,

to be more briefly referred to as leaf water in the present paper.

Determinations of the amounts of water held within the leaf at

various times of the day, these being calculated in percentages

of dry weight, showed that such- expected differences do occur,

but the evidence was incomplete in that the amounts of leaf water

were not calculated to a constant, since it must be assumed that

[The Bulled
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the dry weight of the leaf increased during the day. The conclu-

sions drawn rested more especially on the assumption that the

leaf water at the close of day is not in material excess of that at

the beginning, and upon the fact that during the afternoon there

is a sharp rise in the amount of leaf water in spite of a constant,

if not a still increasing, dry weight. The hope that during the

summer of 191 1 the more convincing data based upon constant

leaf area could be obtained was not realized, and the evidence

therefore still remains incomplete.

In September 19 10 a similar attack was made upon the cotton

plant at Auburn, Alabama, in which analogous conditions with

respect to leaf water were found. During the present year the

question has been further studied, the material being obtained

from a pure strain of Dixie cotton, the seeds of which were supplied

me by the Bureau of Plant Industry.

Plants were grown at Auburn and, under irrigation, at Tucson,

Arizona, in the experimental grounds of the Desert Botanical

Laboratory of the Carnegie Institution of Washington. My
thanks are due to Dr. D. T. MacDougal for his courteous co-

operation. The present paper reports upon a portion of the data

obtained bearing upon the variation in the amount of leaf water

and upon the behavior of the stomata.

Methods

Dry weight and leaf water. The first two series of leaf

samples, the figures for which are given in table i, consisted of

leaf material placed in tared, cork-stoppered bottles, weighed,

oven-dried thoroughly and reweighed. The samples were taken

at two hour intervals. The actual work was done by Mr. C. S.

Ridgway, to whom my thanks are extended. The samples on
which table hi is based were taken at assumed critical times, and
treated in the same manner by myself.

The data in the remaining tables were obtained by cutting

circles of the lamina with a sharp cork borer, placing them forth-

with in tared vials and weighing before and after thorough drying.

The area of these circles, of which between fifty and sixty were
taken for each sample, was calculated, and the exact number of

circles taken determined a second time after drying. All data were



Lloyd: Leaf water in Gossypium 3

calculated to ioo square centimeters of leaf blade. In this way
the changes in dry weight and in leaf water for each period were

determined.

Stomata. The measurements given in table ix are average

micrometer measurements of a large number of stomata for each

period, made on material fixed in absolute alcohol.* Those in

table x are measurements of living stomata made in the field

by the following method, first hit upon by me during my work at

the botanical laboratory of the Carnegie Institution of Washington,

at Carmel, California, during the summer of 191 1.

A microscope, provided with a condenser and a 4 mm. objec-

tive with long working distance, was provided with a cooling cell.

This was extemporized by wiring a Soyka flask beneath the sub-

stage apparatus. For working in the field, a heavy camera tripod

served as a stand capable of ready adjustment in height and

position. The illumination consisted of direct sunlight, or when

that was not available, a strong artificial light. I used a small

miner's acetylene lamp, on the whole fairly satisfactory. A small

arc light probably would be better, and indeed necessary when

the leaves are very thick.

By means of such strong illumination, properly centered and

controlled with the iris diaphragm, it is possible to measure

accurately living stomata of leaves with a thickness of 5 mm.
without at all injuring them. The method is adapted to the

observation of the stomata on a great variety of leaves, including

many which are densely covered with trichomes (e. g., Parthenium

argentatum Gray; Chenopodium sp.), which being out of focus

do not interfere with the vision under strong illumination. The

stomata at the bottom of deep pits, such as are found in the

Cactaceae, also can be seen, but so far this has involved the

removal of a thick slice of the underlying tissues.

The method presents the further advantage, one of great

importance in field work, of permitting the repeated observation

of the living stomata, or indeed of a single one, during a sustained

period, without injury to the leaf or its removal from the plant.

This method has, of course, its limitations in view of the size and

* Lloyd, F. E. The physiology of stomata. Carnegie Inst Wash Publ. 82. 1908.
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shape of the microscope,* but these limitations are not as strait

as one might suppose. For the direct visual observation of the

living stomata in situ, for any reasonable desired period, the

method above outlined has a unique value for certain purposes.

It will be found, I venture to believe, to be invaluable in supple-

menting and checking the results obtained by such methods as

that of alcoholic fixation (Lloyd, I. c), of the hygroscope (of

whatever type), of the porometer,t and of the stomatograph.J

In using the method one must have a care for his eyes. The

adjustment of the illumination must be done with the protection

of a color screen, and for this purpose a leaf interposed in front

of the objective has served well enough. Under field conditions,

especially when one is working for a considerable length of time,

dark eyeglasses are very desirable, more particularly if the sur-

roundings are highly illuminated. Small circular discs of dark-

tinted glass in various shades to be placed above the ocular have

been found advantageous, more especially when the leaf is rather

thin, say as thin as the leaf of the cotton.

In the actual observation of the stomata the leaf is placed

directly on the stage without any accessories in the form of glass

slides or covers. It is held in position by gentle pressure upon it

of the index and middle fingers, which, also, embrace the end of

the objective. In the eyepiece a micrometer is placed. The
absence of a glass slide, which is in any event unnecessary, brings

the stomata nearer the focus of the condenser and so improves the

definition. As one is dealing with a brilliant area of light, it is

quite necessary to have it central, since oblique illumination

causes bright reflections from the surface of the stomatal outer

vestibule, which may mislead the observer.

Leaf water in percentage of dry weight

If we consult table i, which contains the percentages of

leaf water calculated to dry weight for two parallel series, treated

as nearly alike as possible, it will be seen that when so expressed

estimating the
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it varies between the extremes of 318 and 220 per cent. The

greatest difference between the two figures for any hour is 26,

this greatest discrepancy being found at the 8 and at the 14 hour

on September 17. If we assume an error of 13 units and apply a

corresponding correction by addition to the smallest and by sub-

traction from the largest percentage, a difference of 72 units is still

afforded. If the correction is similarly applied to the percentages

in either series, the difference may be reduced to 46 units, as

between the 8 and 14 hour figures. It will appear from these

figures that the error of observation is not great, and is probably

within five per cent., a conclusion well sustained by the general

correspondence of the figures for the two series. It is, further,

probably entirely true that the differences are not due to a material

error of measurement, but are actual differences in the leaf water

of different parcels of material. Since these were not taken by

myself, I have compared the differences with those displayed by

my data for the ocotillo, upon which I based my conclusions

embodied in my paper above referred to,* and I find that dis-

crepancies in similar amounts are to be found in them. The

same is true of the data which appear in the present account

beyond. They may be due to individual differences, or to dif-

ferences in groups of plants under various external conditions,

or in the positions of the leaves taken. The general correspond-

ence between the two series (fig. i) is, however, sufficiently close

to warrant drawing the conclusion that during the nighl there is

a rise in the leaf water content (which probably had been pre-

ceded by a greater increase previous to the 16 hour) and a derided

decrease during the day till 2 P. M. The sharp rise and equally

sharp fall indicated between the 18 and 22 hours is puzzling,

since if we refer it to change in dry weight, the additional difficulty

is introduced of accounting for marked changes in the same.

Aside from this peculiarity of behavior the general rise in water

content may be referred to the reduction of dry weight, but this

involves the assumption that the dry weight was reduced much

more rapidly in the period preceding the 18 hour (say between t ie

14 and 18 hour) than subsequently. A somewhat similarly sharp
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rise in water content is indicated after the 6 hour, September 17,

continuing till 8. The tables following show such behavior in

only one instance (series 12), but it must be understood that the

data therein contained were based on material collected on bright

days, while those now being considered were taken on a morning
(of September 17) during the first few hours of which a general

haze prevailed. The single exception, offered by the old leaves

collected on October 13, 191 1 (series 12, table viii), differs

quantitatively, there being here a difference of 15 units (251 to

266 per cent.) as compared with 19 units (284 to 303 per cent.)

in the case before us of September 17.

The value of the comparison is slightly compromised by the

fact that the data of table viii indicate a decrease of dry weight,

in an amount that may, however, fall within the limits of error.

If no change in dry weight is assumed, the difference in water

content in percentage of dry weight would be somewhat reduced.

In view of the further fact that the data for both tables v
and Viii were obtained after an increase in soil moisture, it seems

entirely possible that under certain conditions the first two hours

of daylight may be accompanied by an increase in leaf water.

This involves as a corollary that the leaf, at the hour of sunrise,

may not be completely plethoric of water.

In order to evaluate with some degree of exactness the meaning

of the graph embodying the data of table i, I have assumed that

on September 17 the dry weight of the leaves increased in the

amounts of 9 per cent, on the original weight in the first four

hours (6-10) and 17 per cent, in the whole period of eight hours,

namely 6-14. These amounts are taken from table VII, series

8, and represent fairly closely the average performance for young

leaves. The weighings for the 6 hour are taken as a basis for the

calculation, and the leaf water content is assumed to remain

constant, the dry weight only increasing. By comparing the

ratios thus obtained with those actually observed, as displayed

in table 11, we see that the calculated value of the ratio at the 10

hour is less than the observed, and at the 14 hour greater (graph

abc, fig. 1), the latter indicating a net loss of leaf water. If

however, an increase of 30 per cent, on the original dry weight

be assumed, an assumption apparently justified in view of the data
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in other tables, a net loss of water would not be discoverable

(graph abd, fig. i). It is evident, however, from the directions of

the graphs that a negative fluctuation was in progress from the

10 to the 12 hour, followed by increase afterwards. It is also

evident that a positive fluctuation begins after the 14 hour, if we
suppose the datum for the 16 hour, September 16, to apply ap-
proximately to the same hour on September 17.

Although the above evidence is quantitatively somewhat vague,
this result is probably due to the application of assumed dry
weights based upon data obtained in the following year. Had
such data been obtained at the time, their employment would lead
to a surer inference. This appears from similar manipulations of
the determinations contained in table hi of leaf water and
dry weight for unknown leaf areas.

In the first three columns are given the known data; in the
fifth the average dry weights from table v, which were obtained
two days later, these being relative to 100 square centimeters of
leaf and assumed to be applicable to August 24. Since the two
days (August 24 and 26 at Tucson, Ariz.) were practically identical
meteorologically, this assumption is probably entirely justified"
By dividing the assumed dry weight into the observed dry weight
for each hour the approximate area of the leaf sample taken at
that hour is obtained. This affords one term of a ratio (column 4)
the other of which is the observed leaf water (column 3) by which
the leaf water per 100 square centimeters is derived. This, for
each of the three hours of observation, is found in column 7 and is

plotted in graph 1, fig. 2.

Just above this is graph la, the coordinate points for which
were determined as follows. (See table iv.) The same ratios
of increase of dry weight were assumed as above. One of the
observed dry weight readings in table hi was then taken as a
standard, and the dry weights for the other two hours were deter-
mined by means of these ratios. By assuming the leaf water to
be constant the inverse ratios, expressing leaf water as percentage
ot dry weight, were obtained (column 2, table iv). By comparing
these with the ratios (column 4) of the data recorded for each
hour (columns 2 and 4) differences are obtained by subtraction
which determine the position of the graph of observed leaf water
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6 Hour 8
Fig. 2.

ave been shortened between 70 and 130 grams.
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relative to the graph of constant water when the latter i

to be horizontal, as it would be if plotted relativ

area (column 6). By making the value of the 6.20 hour figure

say 160, we obtain results which differ little from those in column

6, table in, in calculating which a variable due to a somewhat

inconstant relation between leaf weight and area was admitted.

It is apparent that a much larger increase in dry weight for

the first four hours of the day than that assumed, together with

far different march of events during the whole period, must have

obtained in order to obviate the conclusion that on August 24

there was a net reduction in the amount of leaf water followed by

a material recovery.

In addition to graphs 1 and la are to be found in fig. 2 the

graphs for the young leaves in the remaining tables. The general

similarity of the lot further impels the conclusion that graphs 1

and 1 a are not wide of the truth.

I have taken the above somewhat indirect method of drawing

the conclusions desired with reference to the observations recorded

in table in, for the purpose of developing a comparison of the

observations for the two days, 24 hours apart, at Tucson. We
have already examined those of August 24, presented in table hi.

Those for August 26 are to be found in table v, in which the

weights are relative to 100 sq. cm. of leaf blade. Although there

was a marked fluctuation in the leaf water on August 26, the loss

of water between the 6.20 and 10.20 hours being as great as that

on August 24, it is to be noted that the recovery after the 10.20

hour was more rapid on August 26 (graphs 2, 3), and that the

absolute amount of leaf water was considerably greater, viz.

about 25 per cent., on this day than on August 24. Since the

leaves from which the samples were taken were of uniform texture

and at similar stages of development, this difference cannot be
attributed to variation in these. The difference is due quite

probably to the circumstance that on August 25 the ground in

which the plants were growing was irrigated. This, if the proper

explanation, carries with it the suggestion that it would be well

worth while to determine with what precision the soil water
conditions may be registered in the condition of the leaves. It

is quite possible that the needs of the plant for a water supply
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to its roots could be determined by following the changes in leaf

water from day to day, and so anticipate a condition of necessity

which might curtail growth for a period. Obviously such a pro-

cedure would be of practical use only where water is under control.

We now turn to consider the tables which present data relative

to a constant leaf area, namely ioo square centimeters.

For the purpose of comparison in what follows, the data em-

bodied in tables v-viii inclusive have been segregated in two

sets of graphs, those (in fig. 2) for young or full-grown but not old

and indurated leaves, and those (fig. 3) for old leaves, rather the

worse for wear. They were indurated, torn and more or less

discolored, but a consistent effort was made to collect the material

from leaves with a healthy appearance. The three series (1 to 3

inch) for Tucson, Arizona, are included in fig. 2, since the leaves,

while mature, were not at all indurated and, indeed, had perhaps

not arrived at full growth, though they were well developed.

Of the seven series of samples from young leaves one only,

viz. no. 4, appears to indicate an aberrant behavior, especially as

to increase in dry weight, but evidently so as to the loss of water

also. If we disregard this case, for which no explanation is offered,

the remainder show a general accord. Of the six remaining cases,

two (2 and 3), those for Arizona, show an increase considerably in

excess of those for Alabama. The ratio of increase for Arizona is

100 to 120 for the first four hours and 100 to 136 for the whole

period of eight hours, beginning at 6.20 for the first series; the

ratios for the second series are 100 to 112 and 100 to 124. In

Alabama the greatest gain for a like period was in the ratio of

100 to 121, while the lowest was from 100 to 109.

Stated in terms of increase of photosynthates, we have for

the Arizona plants an accumulation at the rate of 2.25 grams

per hour per square meter for the first four hours, and 2.00 grams

for the second four hours, for no. 2, table V; the corresponding

figures for no. 3 are 1.50 and 1.50. For the young leaves of Ala-

bama plants, excluding series 7, table vi, the range of increase

(when there was any increase at all) is from 0.5 to 16 grams

Sachs' determinations for the sunflower were 1.88 and
I.J,

and

for the cucumber 1.5 gr. Brown and Escombe's datum for the

sunflower is, however, 0.714 gr- Although my own data were
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not obtained with a view primarily to obtaining light on the

accumulation of carbohydrates, the general correspondence of the

Alabama figures with those quoted may be noted. The greater

efficiency of the Arizona plants possibly may be due to the fuller

development of the leaves. This would be indicated by the

performance of the old leaves on October I and 8 (series 6

and 9), which showed an increase of 30 and 26 per cent., but

more surely, if it were not for the general irregularity of their

behavior and the entire failure to get an increase at all in series 12

and only a very slight one in series 5. On the other hand the

light conditions in Arizona are much more favorable in view of the

frequent cloudiness in Alabama. The days on which the Alabama

material was collected were partially cloudy, while that from

Arizona was taken on continuously clear days.

The old leaves betray a much more erratic behavior and the

data lead us to no safe conclusion. In the two cases, table vi,

series 5; table vii, series 9, however, in which there was a

marked increase in dry weight, there was also a marked re-

covery of leaf water after the 10 hour. By contrast, however,

the leaves that contained the greatest quantity of water, series

12 of October 13, were the least efficient photosynthetically, a

circumstance which throws doubt on the inference that the failure

of the leaves of series 5, taken from all parts of the plants, to add

to their dry weight after the 10 hour, was due to a marked loss

of water during the corresponding period.

Stomatal movement

A glance at fig. 2 will show that after the 10 hour has been

reached there is a distinct tendency to recover the leaf water lost

during the earlier hours. It is important to inquire whether this

tendency, which begins to make itself evident during the part of

the day when transpiration rates may be assumed to be the highest,

is in correlation with the behavior of the stomata.

Balls,* in Egypt, found by means of his newly devised stomato-

graph that the stomata of the cotton slowly close as the hottest

part of the day approaches, completing the closure as the sun

passes behind neighboring trees at 1340 hr., remaining closed all
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the succeeding night. They open slowly after sunrise, but more

rapidly after the sun strikes the leaf at about 7, attaining the

maximum opening at 9, but thereafter closing steadily in spite of

brilliant illumination. So far as I am aware this is the only record

of the behavior of the stomata in cotton.

The measurements given in table x, made microscopically

and at the same time by two observers, Mr. C. S. Ridgway and

myself, in the manner earlier described, correspond in a rather

striking way with Balls' conclusions, just indicated. Each for-

mula represents the minimum and maximum width of the

stomatal pores on the upper and under sides of the same leaf.

When a very few stomata displayed extreme dimensions, these

are enclosed in parentheses. It may be regarded that these would

on account of their small numbers affect but little the general

diffusive capacity of the stomata taken as a whole.

It is evident that during the night and until 6.20 there was no

measurable opening movement. This must not be taken to mean

that all the stomata were entirely closed. Table ix gives

stomatal dimensions from preparations made by the alcohol

method, in which it is evident that some opening in a few stomata

may be observed at any time during the night. The initial opening

on September 30, 191 1, occurred about 6.30, from which hour on a

progressive opening movement was followed, the stomata of the

lower faces opening somewhat in advance of those of the upper,

though some exceptions to this appear, as at 7.50 and 8; while

Livingston and Estabrook* found, in several kinds of stomata,

that the upper close and open more rapidly or close more com-

pletely than the lower. The maximum average pore width was

attained during the period between 7.45 and 9, though the widest

openings were seen at 8.20. Because of the extreme sizes of

opening then noted, leaves of similar size and exposure were

examined to verify the observation, but they were no more seen

during the morning, except in one instance an hour later. The
closing phase was at once entered upon, but it is evident from

the figures that this movement was less uniform in all the leaves

taken together than the opening. This may be readily understood

Livingston, B. E., and Estabroofc, A. H. Observations on the degree of
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when it is appreciated that the stomata of cotton are quite sensi-

tive. I observed, both in Alabama and in Arizona, that at the

same hour a leaf in the shade and one in the sun were physio-

logically antipodal in this regard. Thus, at 8.30, August 24, at

Tucson, Ariz., the stomata of a leaf in the shade were closed

both above and below, while those fully exposed to sunlight on

another leaf were o-io/i wide above, and 2-4 n "below. Similar

conditions are displayed by the leaves observed at the 10 hour,

table x. At the same hour it was noted that the stomata

near the apex of a leaf were closed while those near the base were

open, a condition readily understandable if wilting is progressive

from the apex of the leaf downward.

As between young and old leaves, the latter being still physio-

logically active, it is not clear that there was a more pronounced

tendency in one kind than in the other either toward opening or

closing, nor that the leaves near the base of the plant were more

favorably placed than those three feet above, at or near the top.

Indeed, that the upper leaves close their stomata less early than

those near the base seems indicated, and this is in harmony with

Pringsheim's findings,* who believes that the apical parts of the

plant withdraw water from the older, the result of more rapid

transpiration from the younger organs.

The data of the table which we have been considering must

be regarded, however, rather as an indication of the usefulness of

the method of microscopical observation in the field after the

manner already described. The measurements were taken rather

at random, and as the plants were nearing the end of their career,

the larger leaves being somewhat passSes, while the young were

from "second growth" shoots^ at the tops of the plants. Their

general indications, however, I believe, may be relied upon,

namely that the maximum opening of the stomata is reached

at about 8.30 in the morning. It has been the invariable experi-

ence of three observers during the season of iqii at Auburn, and

of one of them at Tucson, that wilting of the leaves becomes first

evident at about this hour or somewhat later each day, when sun-

light conditions prevail. The reduction of leaf water leading to
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this condition* has been demonstrated quantitatively above, the

minimum amount being found, in these determinations, at the

io hour or somewhat later. It becomes evident that the opening
of the stomata is accompanied by a net loss of water by the leaf,

more being given off by transpiration than can be obtained to

replace it, as I have shown to occur by comparative volumetric

and gravimetric determinations in Fouquieria splendens.f The
results of similar experiments with cotton may be said, in an-

ticipation of their publication, to harmonize fully with those

on Fouquieria.

Concerning the relative behavior of young and old leaves

it may be further pointed out, that so far as the evidence goes in

the present paper there is little against either of the alternate

views that this loss of leaf water is better resisted by the young or

by the old. The numbers of stomata per unit area in the young
leaves are considerably greater. An important inquiry at this

point is in regard to the relative extent of the internal evaporating
surfaces, J but though we do not find the answer, we may be sure
that it is sufficient in young leaves to lead to wilting, and that the
stomata do not head ©ff the net loss during the period of advancing
temperature, insolation, and evaporating power of the air.

It is quite possible that determinations of the amount of
leaf water at smaller intervals of time would lead to the finding that
the loss is more sudden, after it once begins, in old leaves than
in young ones, and that this may be connected with the relative
diffusive capacity of the stomata in consecutive intervals of time.
I have arrived at this suggestion by a comparison of the dimen-
sions of the slightly open pores of young and old stomata, and
by calculating their relative diffusive capacities.! It develops
that in old stomata the edges of the pore are more stiffly reinforced,
and that in opening they separate from each other throughout

* Livingston, B. E. Relation of the daily mar
f foliage leaves. Bot. Gaz. 53: 300-330.

stomatal 1
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nearly their whole length at once, making a long narrow opening.

Thus I find that the pore lengthens from 12 to 13.5 n in one case,

and from 9 to 10.5 fi in another, while the width reaches 1.8 and

2 /i respectively, these transverse measurements being applicable

throughout the major portion of the length of the pore. Such

stomata probably attain a relatively high diffusive capacity more

quickly than young ones, in which pores, because of the flexibility

of their edges, they attain their full length gradually. In the

only series of preparations I have at hand the shortest pore I

find is 4.5 ju long and I n wide. Its index of relative diffusive

capacity is 2.12. Assuming that in further opening its dimensions

advance to 8.4 by 1 /* (those of a similar stoma in the same prepara-

tion) and then to 9 by 1.5 n, the indices would be, for these dimen-

sions, 2.9 and 3.67, whereas an older stoma would have measure-

ments such as 14 by 0.8/*, or 12 by 1.5 », with the indices 3.35

and 4.24, respectively. That is, for the same width of pore, the

maximum length is reached much more rapidly and a relatively

high diffusive capacity more quickly in older thai in younger

stomata. If relations such as these obtain, as the evidence before

us appears to indicate, we may well think that they may affect

the rate of incipient drying,* either with or without appreci-

able wilting. Differences of this kind may help to account

for the results obtained by Bergen.f who found that the old

leaves of sclerophyls transpire more than young leaves which

have just attained their maximum area, though he further ob-

served that the same relation holds for cuticular transpiration as

well. In this regard, Pringsheim's work, already referred to,

may not be overlooked. It is to my mind doubtful, in view of

the results on loss of leaf water presented in this paper, that the

differences observed by Bergen J as between sun and ^hade leaves

depend upon the water carrying capacity of the vascular tissues.

Turning to the data of tables i and IX, as represented in

fig. 1, it becomes apparent that the sharp rise in leaf water be-

tween the 6 and 8 hours neither harmonizes with the results given

in the remaining tables, nor does the curve of stomatal openings

* Livingston. B. E. I. c.

t Bergen, J. Y. Relative transpiration of old and new leaves of the Myrtus

type. Bot. Gaz. 38: 446-451. D 1904.

t Bergen, J. Y. Transpiration of sun leaves and shade leaves of OUa europaea

and other broad leaved evergreens. Bot. Gaz. 38: 285-296. O 1904.
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for the hours of observation bring out the relations between these

and loss of leaf water in sufficient detail. That there should

have been increase in leaf water in the amount of about 7 per cent.

during the period (6 to 8) when the stomata were opening from

0.7 to 1.4 n, must have been due to meteorological conditions,

though it is still not clear why the maximum leaf water had not

been attained by the 6 hour, unless it should be shown that such a

condition does not always intervene even in the early morning

hours before sunrise.

The flatness of the curve of stomatal opening after the 8 hour,

it is likely, does not properly represent the facts, since from the

evidence in table x there was probably a considerable opening

and closing between 8 and 10, with the maximum diffusive capacity

reached at about 9. If, aside from this, the curve of stomatal

opening is true, it would seem to indicate that the loss of leaf

water from 300 to 240 per cent, took place without a sufficient

amount of wilting to involve closure of the stomata, and that the

leaf therefore had not passed beyond the condition of drying

incipient to wilting. As no observations were recorded to test

the truth of this conclusion and no measurements of the meteoro-

logical conditions beyond the note that there was a general haziness

until the 10 hour were made, we perhaps may be permitted to

draw the lesson, that in such studies it is of utmost importance

that the integral effect of such conditions should be known before

any adequate interpretation of the water relations of the plant

may be had. At present the most efficient method to this end

is that of measuring evaporation with the blackened porous

cup.* In a future paper it is proposed to display the results which

have been obtained in field studies of cotton in the light of such

integration.

Reference has been made above to the daily wilting of the

leaves, observable at first at about the 9 hour. The stomatal

measurements would seem to indicate that after this hour there

is a rather steady closure. It therefore would be of importance

to determine at what hour the maximum transpiration rate occurs

when these conditions prevail. In anticipation of such determina-

World 14: 96-99- Ap 191 1; Light intensity and transpiration. Bot. Gaz. 51:

417-438. D 191 1.
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tions, now possible by the use of the method I have described

above, and with reference also to F. Darwin's* verification in

cooperation with Pertz, by means of the porometer, of his earlier

work on the temporary opening of stomata during wilting, I

measured by weighing the rates of transpiration of a piece of a

cotton plant during wilting. After the cutting off, the cut was

greased and the piece was suspended on a balance, the loss of

weight being determined at intervals of several minutes, beginning

at 7.22 when the stomata were open but had not reached their

maximum. The leaves were turgid. The figures obtained (table

xi) show that between 8.02 and 8.07, following a steady fall in the

rate, there was a temporary rise, and while this was very small

when compared with Darwin's data, it may be a phenomenon

comparable with that observed by him. However, that the

stomata open after wilting sets in still appears doubtful to me. I

have watched microscopically the stomata of the cotton, in addi-

tion to those of several other species, during the wilting period,

beginning with the partly as well as fully opened condition, and I

have never observed any such movement. There is at first no

change. As wilting sets in, closure commences and proceeds

steadily till complete, and I have observed no subsequent opening.

Obviously further investigation is required to throw light on these

differences.

Conclusions

In the foregoing paper a method for the direct observation and

measurement of stomata in situ is described. The method is

adapted to field work by night and by day.

Leaf water, stated in percentage of dry weight, was found to

vary in the cotton plant under usual conditions between 318 and

220 per cent. On the day of observation the minimum leaf water

content was reached at the 14 hour or thereabouts. This reduc-

tion represents a net loss as shown by the determinations made

relative to unit area and, therefore, with quantitative regard to

dry weight.

The amount of loss of leaf water when thus determined is from

7 to 15 per cent, on the initial amount at sunrise, under the condi-
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tions prevailing when the observations were made. Among these

conditions it may be mentioned incidentally that the soil was well

drained and rich in moisture at the time. Severer circumstances

would no doubt effect a still greater loss. The observed loss, how-

ever, may be taken as indicative of a usual phenomenon, the reality

of which is made evident in an observed daily wilting of the leaves

beginning at about the 9 hour, detectable not alone by change in

position (since this may occur as a phototropic response) but by

flaccidity. The case may be otherwise stated by saying that

under usual day conditions, with sunshine, the roots are unable

to supply loss of water from the leaves. Balls'* view that the

water supply is the limiting factor of growth, and his observation

that no growth takes place under the Egyptian sun appear to be

quite applicable to Alabama. With regard to the amount of

growth in Alabama, preliminary measurements, prompted by the

results obtained from the determinations of leaf water, indicate

that even under the presumably more favorable humidity condi-

tions obtaining here growth does not take place for the major

portion of the day, since during the latter part of the growing

season an actual daily shrinkage in stem and leaf length has been

observed. I can hardly concur, however, with Balls in his view

that because growth does not take place in sunshine this is to be

interpreted as unfavorable. Comparative measurements on the

same variety of cotton obtained in Arizona betray a no more un-

favorable reduction of leaf water than in Alabama, when there is

sufficient water in the soil. There is evidence that variations in

soil moisture are registered in both the absolute leaf water content

and in the rate of recovery after the minimum quantum for the

day has been reached, while the loss during the first part of the

day appears to be less affected. It would seem that the real test

is the growth integer for the season, and it is not evident that,

with irrigation, the conditions in the semiarid Arizona desert at

all events are unfavorable from this point of view. A hot sunshiny-

day after all may be good for cotton, but this good may not be
apparent in growth at the time. This is indicated by the amount
of photosynthates formed (measured with small error due to well

* Balls. W. Lawrence. The physiology of the cotton plant. Cairo Sci. Jour. 4

:

1-9. Jl iqio; Cc
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understood causes) by the increase in dry weight. Two series in

Arizona gave increases of 24 and 32 per cent, for 8 hours. In

Alabama, with the exception of one series of old leaves in which

there was no apparent change in weight, the increases ranged from

6 to 25 per cent., the latter being one instance out of a total of

seven series. Whatever may be said of increase in dimensions,

therefore, it remains the fact, that in spite of the hot unmodified

Arizona sun shining throughout continuously cloudless days in

August, more energy in the form of carbohydrates was made
available than in the similar periods in Alabama. It is proper,

however, to recall that the leaves studied in Arizona were of fuller

development, while those in Alabama were either rather young

(10-15 cm. transverse measurement) or overmature.

It is obvious that it will be of great interest to make careful

measurements of growth, as indeed of other functions, for com-

parison with those of Balls in Egypt.

The stomata are practically closed at night, but nevertheless

show a tendency to open during the early morning hours.* The

more obvious daily opening begins at about 6.30, in Alabama in

September, and the maximum is reached at about 8.30 or 9, after

which closure progresses until 11 or somewhat later. A con-

comitant and appreciable wilting takes place, correlated with the

reduction of leaf water. During wilting there appears to be no

"temporary opening" of the stomata, although I have observed a

measurable but not very marked rise in the rate of transpiration

about a half hour after wilting starts in, followed by a sudden

reduction of rate.

* Lloyd, F.E. The physiology of stomata. Carnegie Inst. Wash. Publ. 82. 1908;

Darwin, Francis, and Pertz, D. F. M.
of stomata. Proc. Roy. Soc. B. 84: 1
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TABLE I

Gossypium herbaceum. Auburn, Ala., Sept.

centage of dry weight.

Hour Series I Series II Average

It
293
287
282

306
III
299

6 279

318
286

305
12 244

246

UDservea leat water expressed in percentage of dry weight and the

and 17 per cent, and 30 per cent, for the second four hours.

Calculated

Hour Drywt. Water Per cent, water Drywt Water Percent.

M S;g
Hi]

284

4.'86t ss
26l

TABLE III

Gossypium herbaceum. Series I, Tucson, Ariz., Aug. 24, 191

which this table s based.

Observe, weights

,.,
Weight peTroosq.cm.

Dry Water Dry (assumed)
!

water~

13.30 E 28.78

2153

1933

O.49

1-493
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TABLE IV

Leaf water relativi

dry weight in grams per i

• xo.2o ~7~^r
Drywt.

!
Water

;

Dry wt.
j Water [ Dry w.. Water

2 O.46 I.96 O.55 I.83 O.63

1.96

newly developed leaves r

|

6
|

I4 .so
I l8

Drywt. Water Drywt. Water Drywt. Water
| Drywt. Water

5 0.50

! 0.5I5
ii

064

1.36

I.48

0.58

1^58

o.'s6

1.50

1.38

TABLE VII

Gossypium herbaceum. Auburn, Ala., Oct. 8,

weight per 100 sq. cm. of leaf at the hours indicated.
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preceding 48 hours.

Series 10, material taken by a leaf punch froi

on ten plants, not more than three circles being t

Young leaves (second growth) taken near the to

3.83 inch precipitation during 1

series 12, material

taken as in (1) abov ves near the to r> of the p ants.

.30 15 .o<

~~

Drywt. Water Dry wt. Water Drywt. Water

Ave"..

0.4S 1 Its

1.63

0.47
|Z
i

1-43

I.8I

O.58

LSI
1.36

1-52

Hour
!

As:t

™
Hour "S5H3T

,0
o!o(3) 4

0.5 (4)

20
oTc )

6 £^J*>

22 _ofe)
8 LSJS) .

24

i 411
. » '•5 (5)

I plants. Averages in I

6 -30 Z? - <°'<»
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o-(4) 0-3(6) 0-4 0-4(6)

0-4 ' (o)-5(9)' 0-4' 0-6(8)

0-6(8) 0-4(6) 0-8(12)^

0^(8) 0-8(10) (o)

0-5(10)
f ,

0-3(6)
l

(0)4-8 0^4(8)

0-3(6) 0-3(4)

0-1 0-2(4)

0(3)' (0)3

(o)2-4 0-1 .

Sunlight
J

Large leaf; sunlight.
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leaves tops of neighboring

McGill University.



On a possible relationship between the structural peculiarities of

normal and teratological fruits of Passiflora gracilis and some

physico-chemical properties of their expressed juices

We present here an account of first studies on the physical

properties of the juice expressed from normal and teratological

plant organs.

Materials

The plants furnishing the fruits used were vigorous and normal

in growth but were transplanted from the greenhouse to the field

too late to attain the largest size or to produce the maximum

number of mature fruits before the oncoming of cold weather.

We were, therefore, somewhat limited in amount of material, but

altogether 10,929 fruits were dissected in obtaining abnormals

and normals for checks. Not many more could have been worked

over with the facilities available.

The fruits for which adequate samples could be secured fell

into the following classes:*

(a) Normal fruits. Six external sutures, three placentae, no

prolification. A sample of such fruits, collected as described

below, served as a check for each of the samples of abnormals.

(b) Seven external sutures, three placentae, no prolification;

(c) Eight external sutures, three placentae, no prolification;

1 sample, 3.

(d) Eight external sutures, four placentae, no prolification;

9 samples, 4-12.

0) Six external sutures, three placentae, slight and generally

abortive prolification of three external carpels; 1 sample, 13.
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(/) Six external sutures, three placentae, slight and generally

abortive prolification of four external carpels; 4 samples, 14-17.

(g) Eight external sutures, four placentae, slight and generally

abortive prolification of three external carpels; 1 sample, 18.

(h) Eight external sutures, four placentae, slight and generally

abortive prolification of four external carpels; 2 samples, 19, 20.

(i) Six external sutures, three placentae, large living prolifica-

tion of four external carpels; 2 samples, 21, 22.

(J) Eight external sutures, four placentae, large living pro-

lification of four external carpels; 1 sample, 23.

Methods

The rarity of the abnormal fruits is a source of great difficulty

in the collection of the samples. As the fruits were dissected,

each abnormal was placed in a dish provided with a ground glass

cover and containing bibulous paper saturated with water in

order to prevent, as far. as possible, any drying out of the fruits.

A normal to serve as a check was at once opened and placed in a

similar receptacle. These two were kept side by side until it

was necessary or convenient to combine abnormalities belonging

to the same type and their check fruits in a pair of larger moist

chambers. As soon as a sample of any type conveniently large

for the extraction of juice was secured, the collection of another

general sample and check was begun.

Thus, while the different samples of abnormals came from

various plants and were necessarily held for varying lengths of

time, the fruits of each sample and of the check with which it was
compared were drawn in equal numbers, and at the same time, from
the same individual plants and received parallel treatment in every

detail.

The juice was secured by means of a large "beef-juice" press.

It was filtered clear through a dry barium filter (S. & S. No. 589),

and the depression of the freezing point (A) determined in the

well-known Beckmann apparatus. The specific gravity of the sap

at 20 C. was found by weighing in a pycnometer holding 5.2405

grams of water at 20 C. The concentration of dissolved sub-

stances was determined by evaporating a measured volume (10-

15 c.c.) to dryness in glass weighing bottles, first in a water oven
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at the temperature of boiling water and then completing the

desiccation by heating to 105 C. for several hours.*

Depression of the freezing point, A, specific gravity, d(20°/20°),

and total solids in 100 c.c. of juice, s, are the only direct deter-

minations entered in the table. From these, osmotic pressure in

atmospheres, P, and the average molecular weight of the sub-

stances dissolved in the plant sap, M, have been calculated by the

formulae

P = 12.060A — 0.02 1A2

I

ute values desired. We have found that the degree of pressing the fruits

ifluence on the relative values, providing that the normal is treated in the s

ler as the abnormal. For example : a sample was pressed lightly and the free

! of the expressed juice determined; then the residue was pressed so th<

iing. The absolute values are much different but the relative v;

j

Abnormal Normal DMFerence

Light pressing

Heavy pressing. . .

. A = 0.677° C.
J:?£Sc: i

Vo.
074° C.
077° C

I portions and the juice expressed i

Lies. The absolute and relative value

We have not corrected the depression of th

with a relative value. We have had occasion in

by as much as 0.010 and in no instance was the sij

and its check changed.
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The arguments in this paper are in all cases based upon the

comparison of the samples of abnormal fruits with their checks.

The differences averaged and discussed in the text are in all cases

taken as abnormal less control, the sign of the difference being

positive when there is a greater depression of freezing point,

higher osmotic pressure, or higher average molecular weight, in

the abnormal fruits.

Analysis of data

The large table gives the essential constants for the various

lots of fruits. The section to the left contains the data for the

samples of abnormal fruits, that to the right those for the checks.

Consider first the properties of the juice in fruits differing only

in the structure of the wall.

Series (b) and (c) may be regarded as transitions between the

trimerous and tetramerous fruits.

In two cases A is higher and in one lower than in the control

samples. The negative difference is only — 0.012 and is but

twice or thrice the estimated experimental error. The mean

difference in depression of the freezing point is + 0.035 . Tne
differences in pressure in atmospheres, P, have the same sign as

the differences in depression. In one the difference is — 0.144,

in the other two it takes the more substantial values of + 0.638

and + 1.143; the mean of the three is +0.546. The average

molecular weight is in all three cases lower in the abnormal fruits,

— 7.41, —4.46 and — 9.02 being the values.

The tetramerous fruits (eight external sutures, four placentae,

no prolification), class (d), are represented by nine samples, divided

"
v ^axT^f

+ 0.002 c.
-2.81

?.v::::::::::::::l 1
1 I

(b), (c) and (d), we have, with headings as above,



Physico-chemical constants for juice of normLAtAl RMAL PASSIFLORA FRUITS

^ formal fruits Values for normal controls.

p esb: *»&* SJIt;;r" •&- !^— fl»L^|^^]w|^
3 0.633° I.019S 3-6oo 109.26 7.626

0.503° 1.0163 3-065 116.86 6.061

o:558° nMIS Hoi Vol'.ll 6.^9

0.567° 1.0161 3-478 118:13 6:831

oW I.0200 3^40 J "^o 7^64
0.569° 1.0184 3696 125.10 6.855
0.708° 1.0189 3891 106.01 8.528

0.558° 1.0195 6.723

0.45S° 10149 5483
0.577° IOI80 3584 "9-53 6.9S2

j

5 15°

540°
568°

35 *°

s«3
c

•
SII

,o

543°

58 '0

013°

554°
683°

585°

54«°

1.0169 3-349 124.97 6.205

I.OI80 3-448 II6.67 6.483
I.0II4 2.162 115.35 4-315
1.0129 2.356 105.14 5-157
1.0171 j 2.720 I0 I.2I 6.181

I.0168
| 2.747 102.70 6.157

1.0167 3.270 119.18 6.349

1.0184 3-526 110.38 7-397

1:0184 3.212 io :42 7.384

1.0183 3-523 122.26 6.674

1.018s 3-354 I07.79 7.192

1.0170 3-598 130.07 6.422
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Or disregarding the presence of prolification and adding to

these the other fruits which are abnormal (tetramerous as con-

trasted with trimerous) in the organization of their ovary wall

(i. e. classes (g), (h), and (j)), we get

A*

5 +

.008° C.M ;

?/. : xo -ISI

Apparently, therefore, those fruits which are 1

which show transitions between the trimerous and tetramerous

condition, show a greater depression of the freezing point (and

consequently a higher osmotic pressure) of their juice and a lower

average molecular weightf than the trimerous ones. But the

differences are so very slight, and the difficulties and sources of

possible error are so many, that further studies will be required
to put this conclusion on a sound basis.

Turn now from the classification of the fruits according to

the characteristics of the ovary wall to a consideration of the
question of prolification. Here classes (6), (c), (d) may be left

entirely out of account.

First dividing the fruits that have prolifications into the
classes, trimerous and tetramerous, with respect to the char-
acteristics of the ovary wall, without regard to the size or the
structure of the included body, we have the following:

For trimerous fruits (classes (e), (/) and (i)),

p \ ;
+3.21

For tetramerous fruiMclassesJg^W and (j)),

* Depression of freezing point is avaUablelnone se^riesln^hich the sampled
before the total solids had been determined. Hence M and P are omitted,
t The average molecular \ '

'

of the freezing
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On combining trimerous and tetramerous (as above) without

regard to the character of the proliferous body we have:

Apparently the proliferous fruits tend to show a greater de-

pression of the freezing point and a higher osmotic pressure in

their expressed juices than the normal checks with which they

were compared. This is true for trimerous and tetramerous

fruits alone and for the two classes taken together. Considering

the fruits merely as normal and abnormal, we note that these

results are in good agreement with those for fruits abnormal only

in respect to the structure of the wall. For the trimerous fruits

the results for M are, however, not in accord with those for fruits

abnormal with respect to the wall only, M being higher in the

abnormals than in the controls. For the tetramerous fruits the

average molecular weight is again lower than in the controls.

Taking both trimerous and tetramerous fruits (with prolifications)

together, we find practically no difference between the average

molecular weight of the fruits containing supernumerary carpels

and that of their controls.

Let us now simply classify the fruits as normal and abnormal

and compare the 23 samples abnormal in some character with

their controls, which are normal in all regards. We have:

These results emphasize the conclusions drawn from the

iividual classes of fruits.



Discussion and conclusions

From the determination of the depression of the freezing

point, the specific gravity, and the total solids in the expressed

juice of 23 samples of abnormal fruits of Passiflora gracilis and

a like number of controls, we are led to the following conclusions

:

Our experiments indicate that the juice of abnormal fruits

has a higher osmotic pressure (greater depression of the freezing

point) than that of normals. This is true whether the abnormality

be a meristic variation in the fruit wall—i. e. an increase in the

number of external sutures or of the number of placentae over the

normal condition—or the production of an entirely new structure

in the form of an included whorl or whorls of accessory carpels

springing from the floor of the fruit (prolification of the fruit).*

The average molecular weight of the substances in solution

in the plant sap is, apparently, lower in the abnormal fruits, but
this is less consistently true for the various classes of structural

aberrations recognized.

While the findings are fairly consistent throughout, it must be
remembered that the problem is surrounded with many difficulties.

We have no desire to be dogmatic concerning these conclusions,

realizing that a wider series of material than we could possibly

obtain is desirable.f and that many questions remain to be in-

vestigated.J Furthermore, it is clear that the whole problem of

the nature of the relationship between the structure of the fruits

and the properties of the juice remains to be worked out. We only
claim to have demonstrated that the physico-chemical properties
of the plant sap deserve consideration as a first step in the
analysis of the factors involved in morphological 1

fruit.

Station for Experimental Evolution,

:eratological fruits

t least to obtain far larger s
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Thennopsis ovata (Robinson) Rydb.

Thermopsis montana ovata Robinson, Contr. U. S. Nat. Herb. 11:

349. 1906.

This differs from T. montana not only in its broader leaflets

(the only characters given in the original description) but in its

spreading leaves, its large stipules, which in the lower leaves are

ovate and very oblique, and in its elongate and lax raceme. It

differs from T. xylorrhiza A. Nels. in its lax inflorescence and

strictly straight pods.

Dr. S. Watson in publishing Lupinus Kingii described the

plant as being perennial. This mistake of his led him as well as

others astray, for he redescribed the same plant a few years later

as an annual under the name L. Sileri. This fact has been called

attention to several times and, among other places, in my Flora of

Colorado. It is, therefore, surprising that the error should be

repeated by Coulter and Nelson in the New Manual of Botany

of the Central Rocky Mountains, where the description begins

:

"From a perennial rootstock, dwarf, cespitose," etc., characters

which in no way apply to the type in the Gray Herbarium nor to

the duplicates in the herbaria of Columbia University and the

United States National Museum. Furthermore, Coulter and
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Nelson give as a synonym under the same Lupinus aduncus

Greene, which is the same as L. argenteus argophyllus, a plant of

different habit.

The so-called Lupinus rivularis of the Columbia region and
extending into Idaho should be known as L. cytisoides Agardh.
Miss Alice Eastwood has seen the type of L. rivularis Dougl.,

which according to her belongs to an entirely different group from
the plant called L. rivularis by Dr. Watson in his revision.

The following Lupines are to be added to the flora of the Rocky
Mountains: Lupinus nootkatensis Donn has been collected in

the Rockies of British Columbia and Alberta, L. plumosus Dougl.
in Idaho and Utah, L. minimus Dougl. in Idaho and Alberta, L.

lepidus Dougl. in Idaho, L. Cusickii S. Wats, in Idaho and Utah,
and L. micensis Jones in Utah.

Lupinus lupinus Rydb. sp. nov.

Perennial with a woody caudex; stems 3-6 dm. high, densely
stngose-canescent, sparingly branched; leaves numerous; stipules
subulate, about 1 cm. long; petioles canescent, 5-8 cm. long;
leaflets 7-9, oblanceolate, usually flat, 3-6 cm. long, appressed-
canescent on both sides, less so above; peduncles about 1 dm.
ong; raceme 5-10 cm. long; bracts lanceolate, acute, 3-4 mm.
long, silvery-pubescent, early deciduous; calyx silvery-pubescent,
saccate at the base; upper lip scarcely 3 mm. long, the lower fully
5 mm ;

corolla about 1 cm. long, dark blue or purple; banner
orbicular, pubescent on the back, usually with a light spot in the
center; keel strongly curved, rather broad, ciliate on the margins;
pod densely villous, about 3 cm. long, mostly 3-seeded.

This is related to L. argentinus, L. aduncus, and L. oreophilus,
but differs from the first in its grayish instead of silvery pubescence
of the leaves, which are greener above and not conduplicate, and
in its less spurred calyx; from L. aduncus in its broader leaves and
the shorter upper lip of its calyx; and from L. oreophilus in its
broader leaves and saccate calyx.

Along streams and in meadows at an altitude of 2,000-3 000 m
Utah: Western Bear's Ear, Elk Mountains, Aug. 2, 191 1,

Rydberg & Garrett 9363 (type, in herb. N. Y. Bot. Card ) also
western slope of La Sal Mountains, July 6, 8595, 8596, and 8600;
meadow south of Monticello, July 24, 9167; Head of Dry Wash,
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Abajo Mountains, August II, 9605; Hammond Canyon, Elk

Mountains, August 10, 9583.

Lotus tenuis Waldst. & Kit.; Willd. Enum. Hort. Berol. 797.

Lotus tenuifolius (L.) Reich. Fl. Germ. 506. 1830.

Lotus Macbridei A. Nels. Bot. Gaz. 53: 221. 1912.

In looking over a collection received in exchange from the

University of Wyoming, I found a specimen labeled Lotus Mac-

bridei A. Nels. n. sp. To my surprise I found that this was a true

Lotus, i. e. not belonging to any of the segregates of Hosackia but

of the European type. As it would have been exceedingly strange

if a species of Lotus in the restricted sense should be found native

in America, I turned to our collection of Old World species of Lotus

and found that it is the same as L. tenuifolius (L.) Reich. Before

I had time to call Professor Nelson's attention to the fact, his

description appeared in the Botanical Gazette.

Trifolium macrocephalum (Pursh) Piper, T. plumosum Dougl., T.

eriocephalum Nutt., T. spinulosum Dougl., and cyathiferum Lindl.

have been collected in Idaho; T. Rusbyi Greene and Medicago

hispida Gaertner (M. denticulata Willd.) in Montana.

Acmispon Raf. New Flora 1: 53. 1836

I think that this genus should be restored. The Microlotus

section sometimes referred to Hosackia, sometimes to Lotus, is out

of place in either genus, and Acmispon is the oldest available

generic name.

Acmispon americanus (Nutt.) Rydb.

Lotus sericens Pursh, Fl. Am. Sept. 489. 18 14. Not L. sericeus

DC. 1813.

Trigonella americana Nutt. Gen. 2: 120. 1818.

Hosackia Purshiana Benth. Bot. Reg. under pi. 1257. 1829.

Acmispon sericeum Raf. New Fl. 1: 53. 1836.

Lotus americanus Bisch. Del. Sem. Hort. Heidelb. 1839.

Trigonella sericea Eat. & Wright, N. Am. Bot. Ed. 8, 459. 1840.
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Acmispon elatus (Nutt.) Rydb.

Hosackia elata Nutt.; T. & G. Fl. I: 327- 1838.

The former of the two species is common on the plains from

Minnesota to Arkansas, Sonora, and Idaho; the latter is found in

Washington, Oregon, and Idaho. A few more species are found

in California.

Psoralea stenostachys Rydb. sp. nov.

Perennial with a horizontal rootstock; stem adsurgent or erect,

branched, sparingly strigose and glandular-dotted, 3-5 dm. high;

leaves digitately 3-foliolate; leaflets oblanceolate, 2-4 cm. long,

from rounded to acute at the base, mucronate at the apex,

sparingly strigose and conspicuously glandular-punctate ;
peduncles

5-15 cm. long; racemes elongate, many-flowered and lax: calyx

densely white-strigose ; tube 1.5 mm. long; teeth 0.5 mm. long,

lanceolate or lance-ovate, acute; corolla white, 4 mm. long; pod

densely white-hairy.

This species is related to P. lanceolata Pursh and P. Purshii

Vail, but differs from both in the elongate racemes and the acute

calyx-lobes; from the former it differs also in the hairy pod, and

from the latter in the narrower leaflets. It grows on sandy soil

at an altitude of about 1,300-1,500 m.

Utah: Government Well, Toole County, June 7, 1900, M. E.

Jones 6221 (type, in herb. N. Y. Bot. Gard.); Utah, July 2, 1888,

M. E. Jones 1833.

Psoralea stenophylla Rydb. sp. nov.

Perennial with a horizontal rootstock; stem simple, about 5
dm. high, slender, sparingly strigose and glandular-punctate;
leaves digitately 3-foliolate or the lower 5-foliolate; leaflets narrowly
linear, 2.5-5 cm. long, about 2 mm. wide, glandular-punctate
and sparingly strigose; stipules linear, 5-8 mm. long; petioles

about 3 cm. long; peduncles 8-10 cm. long; racemes elongate, 5
cm. long or longer, lax; pedicels usually longer than the calyx;
calyx sparingly strigose, conspicuously punctate; lobes triangular,

acute, 0.5 mm. long; corolla about 4 mm. long; fruit not seen.

This has the narrow leaflets of Psoralea micrantha, but the

raceme is elongate and the sepals are acute as in the preceding

species, from which it differs in the very narrow leaflets. If it

has the densely hairy pod of that species and P. Purshii, it cannot

be told from the material, but the young ovaries do not indicate
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such a character. It grows on sandy river banks at an altitude

of about i,600 m.

Utah: Proposed dam site, near Wilson Mesa, Grand County,

July 1, 191 1, Rydberg & Garrett 8367 (type, in herb. N. Y. Bot.

Gard.).

Psoralea juncea Eastw. was described as being leafless, the

leaves being reduced to scales. This is true as far as the stem-

leaves are concerned. The basal leaves, which soon wither away,

are digitately 3-5-foliolate with lanceolate leaflets, 2-3 cm. long,

grayish, strigose and strongly veiny.

Psoralea obtusiloha Torrey has been collected in Colorado by

Tweedy.

Parosela polydenia (Torr.) Heller, P. Fremontii (Torr.) Vai!, P.

Johnsoni (S. Wats.) Vail, and P. amoena (S. Wats.) Vail have been

collected in southern Utah.

Phaca ampullaria (S. Wats.) Rydb.

Astragalus ampullarius S. Wats. Am. Nat. 7: 300. 1873.

Phaca Wardii (A. Gray) Rydb.

Astragalus Wardii A. Gray, Proc. Am. Acad. 12: 55. 1877.

Phaca subcinerea (A. Gray) Rydb.

Astragalus subcinereus A. Gray, Proc. Am. Acad. 13: 366. 1878.

Phaca Cusickii (A. Gray) Rydb.

Astragalus Cusickii A. Gray, Proc. Am. Acad. 13: 370. 1878.

Phaca sabulonum (A. Gray) Rydb.

Astragalus sabulonum A. Gray, Proc. Am. Acad. 13: 368. 1878.

Phaca Preussii (A. Gray) Rydb.

Astragalus Preussii A. Gray, Proc. Am. Acad. 6; 222. 1864.

Phaca serpens (M. E. Jones) Rydb.

Astragalus serpens M. E. Jones, Proc. Cal. Acad. II. 5: 641. 1895.

Phaca Silerana (M. E. Jones) Rydb.

Astragalus Sileranus M. E. Jones, Zoe 2: 242. 1891.
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Phaca jejuna (S. Wats.) Rydb.

Astragalus jejunus S. Wats. Bot. King Exped. 73. 1871.

Phaca leptalea (A. Gray) Rydb.

Phaca pauciflora Nutt.; T. & G. Fl. N. Am. 1: 348, 1838. Not
P. pauciflora Pers. 1806.

Astragalus leptaleus A. Gray, Proc. Am. Acad. 6: 220. 1864.

Phaca artemisiarum (M. E. Jones) Rydb.

Astragalus Beckwithii purpureus M. E. Jones, Zoe 3: 288. 1893.

Not A. purpureus Lam. 1783.

Astragalus artemisiarum M. E. Jones, Zoe 4: 369. 1894.

Phaca pubentissima (T. & G.) Rydb.

Astragalus multicaulis Nutt.; T. & G. Fl. N. Am. 1: 335. 1838.
Not A. multicaulis Ledeb. 1831.

Astragalus pubentissimus T. & G. Fl. N. Am. 1 : 693. 1840.
Mr. Sheldon placed this between Astragalus crescenticarpus

and A. cibarius, two species of Xylophacos; its pod is that of a
Phaca.

Phaca sesquiflora (S. Wats.) Rydb.
Astragalus sesquiflorus S. Wats. Proc. Am. Acad. 10: 346. 1875.

Mr. Sheldon associated this erroneously with Astragalus
vextlliflexus and other species of Homalobus. It is a true Phaca.

Xylophacos cuspidocarpus (Sheld.) Rydb.
Astragalus cuspidocarpus Sheld. Minn. Bot. Stud. 1: 147. 1894.

Xylophacos cibarius (Sheld.) Rydb.
Astragalus cibarius Sheld. Minn. Bot. Stud. 1: 149. l894 .

Astragalus arietinus M. E. Jones, Proc. Calif. Acad. II. 5: 653.
1895.

Xylophacos puniceus (Osterh.) Rydb.
Astragalus puniceus Osterh. Muhlenbergia 1: 140. 1906.

Xylophacos Zionis (M. E. Jones) Rydb.
Astragalus ZionisM. E.Jones, Proc. Calif. Acad. II. 5: 652. 1895.
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Xylophacos argophyllus (Nutt.) Rydb.

Astragalus argophyllus Nutt.; T. & G. Fl. N. Am. i: 331. 1838.

Xylophacos cymboides (M. E. Jones) Rydb.

Astragalus cymboides M. E. Jones, Proc. Calif. Acad. II. 5: 650.

1895.

Xylophacos musinensis (M. E. Jones) Rydb.

Astragalus musinensis M. E. Jones, Proc. Calif. Acad. II. 5: 671.

Xylophacos consectus (Sheld.) Rydb.

Astragalus consectus Sheld. Minn. Bot. Stud. 1: 143. 1894.

Xylophacos Watsonianus (Kuntze) Rydb.

Astragalus eriocarpus S. Wats. Bot. King Exped. 71. 1871. Not

A. eriocarpus DC. 1802.

Tragacantha Watsoniana Kuntze, Rev. Gen. PI. 2: 942. 1891.

Astragalus Watsonianus Sheld. Minn. Bot. Stud. 1: 144. 1894.

Xylophacos utahensis (Torr.) Rydb.

Phaca mollissima utahensis Torr. Stansb. Exped. 385. 1852.

Astragalus utahensis T. & G. Pac. R. Rep. 2: 120. 1855.

Xylophacos inflexus (Dougl.) Rydb.

Astragalus inflexus Dougl. in G. Don, Gen. Syst. 2: 256. 1832.

Tium eremiticum (Sheld.) Rydb.

Astragalus eremiticus Sheld. Minn. Bot. Stud. 1: 161. 1894.

Tium atropubescens (Coult. & Fish.) Rydb.

Astragalus atropubescens Coult. & Fish. Bot. Gaz. 18: 300. 1893.

Astragalus Kelseyi Rydb. Mem. N. Y. Bot. Gard. 1: 241. 1900.

Tium arrectum (A. Gray.) Rydb.

Astragalus arrectus A. Gray, Proc. Am. Acad. 8: 289. 1873.

Astragalus Leibergii M. E. Jones, Proc. Calif. Acad. II. 5: 663.

1895-

Astragalus palousiensis Piper, Bot. Gaz. 22: 489. 1896.
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Hamosa calycosa (Torr.) Rydb.

Astragalus calycosus Torr. in S. Wats. Bot. King Exped. 66.

Ctenophyllum Grayi (Parry) Rydb.

Astragalus Grayi Parry; Wats. Am. Nat. 8: 212. 1874.

Cystium platytropis (A. Gray) Rydb.

Astragalus platytropis A. Gray, Proc. Am. Acad. 6: 526. 1

Cystium Coulteri (Benth.) Rydb.

Astragalus Coulteri Benth. PI. Hartw. 307. 1848.

Cystium ineptum (A. Gray) Rydb.

Astragalus ineptus A. Gray, Proc. Am. Acad. 6: 525. 1865

Cystium lentiginosum (Dougl.) Rydb.

Astragalus lentiginosus Dough; Hook. Fl. Bor.-Am. 1: 151.

Cystium araneosum (Sheld.) Rydb.

Astragalus araneosus Sheld. Minn. Bot. Stud. 1: 170. 189.

. (A. Nels.) Rydb.

Astragalus boiseanus A. Nels. Bot. Gaz. 53: 223. 1912.

Atelophragma lineare Rydb. sp. nov.

Homalobus aboriginum Rydb. Bull. N. Y. Bot. Gard. 2: 176, in

part. 1 901.

Perennial with a woody taproot and short cespitose caudex;
stem grayish strigose, often tinged with purple, 2-4 dm. high;
stipules ovate or lanceolate, acute, 2-4 mm. long; leaves 5-6 cm.
long; leaflets 9-15, linear, 1-2 cm. long, 1-2 mm. wide, grayish
strigose; peduncles 5-10 cm. long; raceme 2-3 cm. long! in fruit
6 cm. long; calyx densely black-hairy; tube 3 mm. long; teeth
subulate, 2 mm. long; corolla about 8 mm. long, ochroleucous or
tinged with purple; keel tipped with dark purple; legume gla-
brous, stipitate; stipe 4-5 mm. long; body 25-28 mm. long, con-
vexly curved on both sutures, but much more strongly so on the
upper; the partial partition very narrow.

This is related to A. glabriusculum (A. Gray) Rydb. and A.
aboriginum (Richardson) Rydb., but differs from the former in the
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grayish pubescence of the leaves, which are strigose instead of

villous, and from both in the form of the pod. In both the

lower suture of the pod is straight or slightly concavely curved.

Yukon Territory: Foot of Lake Lebarge, 1899, J. B. Tarleton

34b (type, in herb. N. Y. Bot. Gard.); Dry Gulch, 1899, Gorman

Alberta: Rocky Mountains, 1857-1859, Bourgeau.

Atelophragma Forwoodii (S. Wats.) Rydb.

Astragalus Forwoodii S. Wats. Proc. Am. Acad. 25: 129. 1890.

Sheldon places this species in the Homalobus, but it is closely

related to Atelophragma aboriginum and A. glabriusculum.

Atelophragma glabriusculum (Hook.) Rydb.

Phaca glabriuscula Hook. Fl. Bor.-Am. 1: 144. 1831.

Atelophragma ibapense (M. E. Jones) Rydb.

Astragalus ibapense M. E. Jones, Zoe 3: 290. 1893.

Atelophragma Arthuri (M. E. Jones) Rydb.

Astragalus Arthuri M. E. Jones, Cont. West. Bot. 8: 20. 1898.

Onix Mulfordae (M. E. Jones) Rydb.

Astragalus Mulfordae M. E. Jones, Cont. West. Bot. 8: 18. 1898.

This species is the only representative in America of a group of

plants segregated from Astragalus by Medicus. The other repre-

sentatives are Asiatic. Onix is related to Cystium in having a

membranous inflated 2-celled pod, but the pod is triangular in

cross-section, the upper suture being acute and the lower more or

Microphacos parviflonis (Pursh) Rydb.

Dalea parviflora Pursh, Fl. Am. Sept. 474. 18 14.

Astragalus gracilis Nutt. Gen. 2: 100. 1818.

Phaca parviflora Nutt.; T. & G. Fl. N. Am. 1: 348. 1838.

Diholcos scobinatulus (Sheld.) Rydb.

Astragalus Haydenianus major M. E. Jones, Zoe 2: 241. 1891.

Astragalus Haydenianus nevadensis M. E. Jones, Zoe 2: 241.

tragalus scobinatulus Sheld. Minn. Bot. Stud.
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Phacopsis scaphoides (M. E. Jones) Rydb.

Astragalus arrectus scaphoides M. E. Jones, Proc. Calif. Acad. II.

5: 664. 1895.

Cnemidophacos confertiflorus (A. Gray) Rydb.

Astragalus confertifloms A. Gray, Proc. Am. Acad. 13 : 368. 1878

.

Cnemidophacos argillosus (M. E. Jones) Rydb.

Astragalus argillosus M. E. Jones, Zoe 2: 241. 1891.

i reventoides (M. E. Jones) Rydb.

Astragalus reventoides Jones, Proc. Calif. Acad. II. 5: 661. 1

Cnemidophacos reventus (A. Gray) Rydb.

Astragalus reventus A. Gray, Proc. Am. Acad. 15: 46. 1880.

Kentrophyta tegetaria (S. Wats.) Rydb.

Astragalus tegetarius S. Wats. Bot. King Exped. 76. 1871.

Homalobus lingulatus (Sheld.) Rydb.

Astragalus lingulatus Sheld. Minn. Bot. Stud. 1: 118. 1894.

3 exilifolius (A. Nels.) Rydb.

Astragalus exilifolius A. Nels. Bull. Torrey Club 26: 10. 1899.

Homalobus simplicifolius (Nutt.) Rydb.

Phaca simplicifolia Nutt.; T. & G. Fl. N. Am. 1: 350. 1838.

Astragalus simplicifolius A. Gray, Proc. Am. Acad. 6: 231. 186

3 lancearius (A. Gray) Rydb.

Astragalus lancearius A. Gray, Proc. Am. Acad. 13: 370.

Homalobus miser (Dougl.) Rydb.

Astragalus miser Dougl.; Hook. Fl. Bor.-Am. 1: 153. 183]

1 (M. E. Jones) Rydb.
Astragalus Dodgeanus M. E. Jones, Zoe 3: 289. 1893.

Mr. Sheldon placed this next to Astragalus glabriusculus

(Hook.) Gray, but its pod has not a trace of a partition and the
plant is a true Homalobus, not an Atelophragma.
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Homalobus debilis (Nutt.) Rydb.

Phaca debilis Nutt.; T. & G. Fl. N. Am. i: 345. 1838.

Astragalus debilis A. Gray, Proc. Acad. Sci. Phila. 1863: 60.

Homalobus strigosus (Coult. & Fish.) Rydb.

Astragalus strigosus Coult. & Fish. Bot. Gaz. 18: 299. 189,

Astragalus griseopubescens Sheld. Minn. Bot. Stud. 1: 24.

Homalobus episcopus (S. Wats.) Rydb.

Astragalus episcopus S. Wats. Proc. Am. Acad. 10: 346. 1!

nus (Dougl.) Rydb.

Phaca collina Dougl.; Hook. Fl. Bor.-Am. 1: 141. 1831.

Astragalus collina Dougl.; G. Don, Gen. Syst. 2: 256. 1832.

Aragallus Bigelovii (A. Gray) Rydb.

Oxytropis Lambertii Torr. Pac. R. Rep. 4: 80. 1857. Not 0.

Lambertii Pursh. 18 14.

Oxytropis Lambertii Bigelovii A. Gray, Proc. Am. Acad. 20: 7.

1885.

Aragallus plattensis (Nutt.) Rydb.

Oxytropis plattensis Nutt.; T. & G. Fl. N. Am. 1: 340. 1838.

Lathyrus graminifolius White and L. Torreyi A. Gray have

been collected in southern Utah; L. Nuttallii S. Wats, and L.

obovatus White in Idaho.

EUPHORBIACEAE

Chamaesyce Parryi (Engelm.) Rydb.

Euphorbia Parryi Engelm. Am. Nat. 9: 350. 1875.

This has been collected in southern Utah.

Chamaesyce exstipulata (Engelm.) Rydb.

Euphorbia exstipulata Engelm. Bot. Mex. Bound. Surv. 189. 1859.

Euphorbia Aliceae A. Nels. Bot. Gaz. 42: 50. 1906.

This has been collected as far north as Wyoming.
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ACERACEAE
Negundo (Ray) Ludwig-Boehmer, Def. PI. 508. 1760

Professor Nieuwland in the American Midland Naturalist*

discussed the North American species of box-elder. He used the

name Rulac, believing in a pre-Linnaean priority for genera. As

both the Vienna Rules and the American Code have adopted 1753

as the starting point for botanical nomenclature, few will follow

him in the names adopted. If our box-elders are regarded as

generically distinct from the maples, we must use the name

Negundo. Professor Nieuwland recognizes six species. I think

there should be recognized eight species in North America. The

Texan form, Rulac californica texana Pax, is well distinct from

Negundo californicum, Professor Nieuwland having overlooked the

difference in the fruit, which in the Texan species agrees more with

our eastern box-elder and was included in it by Dr. Britton.

The following key was prepared by me over two years ago and two
new species were named in manuscript. One of these has been

described by Professor Nieuwland under the name Rulac Nuttallii;

a description of the other is given below. I publish here the key,

as several of the characters have not been pointed out by Professor

Branches of the season glabrous or with a few scattered ap-

;
pedicels sparingly pilose
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or less lobed.

Fruit glabrous or with a few scattered hi

ensely puberulent; mu<

style obsolete. 8. N. mexicanum.

i . Negundo orizabense Rydb. sp. nov.

A tree with glabrous, brownish twigs; leaves 3-foliolate;

pedicels slender, glabrous, 5-10 cm. long; leaflets thin, glabrous or

with a few scattered hairs on the ribs below, acuminate at both
ends, serrate above the middle, with broadly ovate teeth directed

forward and mucronate; the terminal leaflet rhombic-oval, 5-10
cm. long, with petiolules 1-2 cm. long; the lateral ones lanceolate,

oval or oblanceolate, short-petioluled; racemes in fruit 2 dm. long

or more, the pedicels very long and slender, the lower 5-8 cm.

long; samaras ascending, glabrous; body oblong, about 1 cm.

long and 4 mm. wide, acute but not constricted at the base, with

one strong and several weak longitudinal veins; wing about 2 cm.

long and nearly 1 cm. wide, somewhat incurved above, not

decurrent on the body.

Mexico: Orizaba, 1853 and 1855, Fred. Miiller (type, in herb.

Columbia University).

2. Negundo Negundo (L.) Karsten, Deuts. Fl. 596. 1880-3*

Distribution: From Ontario and Vermont to Georgia, Mis-

souri and Illinois.

3. Negundo Nuttallii (NieuwI.) Rydb.

Acer fraxinifolium Nuttall, Gen. N. Am. 1: 253. 1818. Not

NegundiumfraxinifoliumRai. 1808.

* For other synonyms see Nieuwland, American Midland Naturalist 2: 136. 19; 1.
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Rulac Nuttallii Nieuwl. Am. Midi. Nat. 2: 137. 191 1.

Distribution: From Michigan and Ohio (?) to Kansas,

Colorado and Montana.

4. Negundo texanum (Pax) Rydb.

Acer Negundo texanum Pax; Bot. Jahrb. 7: 212. 1886.

Acer californicum texanum Pax; Bot. Jahrb. 11: 75. 1889.

Rulac texana Small, Fl. SE. U. S. 743. 1903.

Distribution : Texas and Oklahoma.

5. Negundo interius (Britton) Rydb.

Rulac texana Small, Fl. SE. U. S. 743, in part. 1903. Not Acer
texanum Pax. 1886.

Acer interior Britton, N. Am. Trees 655. 1908.

Distribution: From Saskatchewan and Manitoba to Ne-
braska, New Mexico, Arizona and Montana. Nieuwland gives
Negundo Fraxinus Bourgeau* as a synonym under this. At the
place referred to Bourgeau enumerates a number of genera col-

lected on May 6. Evidently a comma is omitted between Negundo
and Fraxinus.

6. Negundo Kingii (Britton) Rydb.
Acer Kingii Britton, N. Am. Trees 656. 1908.
Rulac Kingii Nieuwl. Am. Midi. Nat. 2: 139. 191 1.

Distribution: Utah and Arizona.

7. Negundo californicum T. &. G. Fl. N. Am. 1: 250. 1838

Acer californicum Dietr. Syn. 2: 1283. 1840.
Rulac californica Nieuwl. Am. Midi. Nat. 2: 139. i 9n.

Distribution
: California and according to Nieuwland extend-

ing into northern Mexico.

8. Negundo mexicanum DC. Prod. 1: 546. 1824
Acer mexicanum Pax; Bot. Jahrb. 7: 212. 1886. Not Acer mexi-

canum A. Gray. 1861.

Rulac mexicana Nieuwl. Am. Midi. Nat. 2: 140. 191 1.

Distribution: Southern Mexico to Guatemala.
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RHAMNACEAE
Rhamnus betulaefolia Greene is to be added to the flora; it was

collected in southeastern Utah in the summer of 191 1 by Professor

Garrett and myself.

MALVACEAE
Dr. Greene* in segregating Eremalche from Malvastrum made

this statement: "and that there exists so much as one real Mal-

vastrum north of the Mexican border, I hold to be doubtful."

A little investigation in the history of the genus would show
that this statement is untenable. It is evident that Dr. Gray did

not base his conception of the genus Malvastrum on the section

Malvastrum of Malva of De Candolle, for this section contains

the typical species of Malva also.

The first subsection of this section of De Candolle's is Chry-

santhae, and some species of this subsection must be regarded as

the type of Malva section Malvastrum DC. Of this subsection Dr.

Gray remarked: "If the yellow flowered species with a somewhat

different habit and usually a manifest persistent involucre, which

forms a second section (the Chrysanthae DC, etc.), are correctly

referred to this genus, it will comprise a large number of species

from tropical and South America, which need an elaborate revision.

I enumerate below merely the North American species which are

known to me." Furthermore, Dr. Gray did not include in his

genus a single species of Malva given by De Candolle. This

shows that Dr. Gray based his genus on the North American

species and in publishing the genus he gave the name as "Mal-
vastrum Nov. Gen.," without citing De Candolle's section, al-

though he had referred to it a few pages before in a footnote under

Callirrhoe. As the type of the genus Malvastrum, therefore, we

must desigate the first given binomial under Malvastrum, which is

M. coccineum. Of the other species included in the original publi-

cation M. Fremontii Torr., M. Wrightii A. Gray, M. grossulariae-

folium (Hook.) A. Gray, M. angustum A. Gray, M. Munroanum

(Dougl.) Gray, and M. spicatum (L.) Gray are plants of the

United States. I agree with Dr. Greene that M. rotundifolium

A. Gray and M. exile A. Gray should not be included in Malvas-
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trum; but I believe that that genus should be merged in Sphaeral-

cea. Malvastrum coccineum, the type of the genus, has the habit

of the typical species of Sphaeralcea. The fruit is also the same
except that the empty non-reticulate portion of the carpel is

much reduced. M. grossulariaefolium and M. Munroanum with

little more developed upper portions have been tossed back and
forth between the genera Malvastrum and Sphaeralcea. Six species

should be transferred from Malvastrum to Sphaeralcea under the

following names.

Sphaeralcea grossulariaefolia (H. & A.) Rydb.

(?) Malva Creeana Graham, Bot. Mag. pi. j6q8. 1838.

Sida grossulariaefolia Hook. & Arn. Bot. Beech. Voy. 326. 1841.

Malvastrum grossulariaefolium A. Gray, Mem. Am. Acad. 4: 21.

1849.

Sphaeralcea pedata Torr. Mem. Am. Acad. 4: 23. 1849.
Malvastrum coccineum grossulariaefolium Torr. Stansb. Exped. 384.

1852.

Sphaeralcea dissecta (Nutt.) Rydb.
Sida dissecta Nutt.; T. & G. Fl. N. Am. 1 : 235. 1838.
Malvastrum coccineum dissectum A. Gray, PI. Wright. 1: 17, in

part. 1852.

Sphaeralcea coccinea (Nutt.) Rydb.
Malva coccinea Nutt. Fras. Cat. 1813.

Cristaria coccinea Pursh, Fl. Am. Sept. 454. 18 14.
Sida coccinea DC. Prod. 1: 465. 1824.

Malvastrum coccineum A. Gray, Mem. Am. Acad. 4: 21. 1849.

Sphaeralcea elata (E. G. Baker) Rydb.
Malvastrum coccineum datum E. G. Baker, Jour. Bot. 29: 171.

Malvastrum elatum A. Nels. Bot. Gaz. 34: 25. i Q02 .

Sphaeralcea digitata (Greene) Rydb
Malvastrum coccineum dissectum A. Gray, PI. Wright i- 17 in

part. 1852.
*"•». 17, m

Sphaeralcea pedata angustiloba A. Gray, Proc. Am. Acad. 22: 292.
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Malvastrum digitatum Greene, Leaflets i : 154. 1905.

Malvastrum dissectum Cockerell, Bull. Torrey Club 27: 87, mainly.

Malvastrum Cockerellii A. Nels. Bot. Gaz. 34: 24. 1902.

Malvastrum dissectum Cockerellii A. Nels.; Coult. & Nels. New
Man. Bot. Cent. Rocky Mts. 318. 1909.

Sphaeralcea leptophylla (A. Gray) Rydb.

Malvastrum leptophyllum A. Gray, PI. Wright. 1: 17. 1852.

Sphaeralcea arizonica Heller, sp. nov.

Perennial with a woody caudex branching from the base; leaf-

blades reniform to cordate, 3-5 cm. long, densely stellate on both
sides, obscurely lobed and crenate; inflorescence paniculate, dense,

with short branches; calyx densely stellate throughout; its lobes

ovate, acute, about 3 mm. long; petals pink, about 1 cm. long;

carpels about 4 mm. long and 1.5 mm. wide, mucronate or short-

cuspidate, oblong, only about the lowest fourth reticulate.

Differing from S. ambigua in the short calyx-lobes and the

narrow and dense inflorescence and from S. marginata in the dense

stellate pubescence, which extends even to the calyx.

Arizona: Flagstaff, June 16, 1898, MacDougal 120 (type, in herb.

N. Y. Bot. Gard.)
; 30 miles east of Flagstaff, July 18, 1893. Wooton;

Fort Verde, May 4, 1888, Mearns 225; same locality 1887, 150; Hol-

brook, June 18, 1901, L. F. Ward; Ash Fork, June 10, 1883,

Rusby 538.

Utah: St. George, Apr. 14, 1880, M. E. Jones 1660; proposed

dam site, near Wilson Mesa, Grand Co., July 1, 191 1, Rydberg &
Garrett 8386; S. Utah, 1877, Palmer; 1874, Parry 25.

Sphaeralcea subrhomboidea Rydb. sp. nov.

Perennial with a woody caudex, branched at the base; stems

stellate, 2-4 dm. high; leaf-blades rhombic in outline, 2-5 cm.

long, stellate but not densely so, grayish-green, cuneate at the

base, 5-ribbed, 3-cleft about half way down, the divisions 2-4-

lobed ; inflorescence a dense virgate panicle; calyx densely stellate,

4-5 mm. long; lobes broadly ovate, obtusish; corolla scarlet, 8-9

mm. long; fruit depressed -globose; carpels nearly round, obtuse,

the lower half reticulate on the faces; seed solitary, without

filiform attachment.
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Nearest related to 5. grossulariaefolia but the leaf-blades are

rhombic in outline and cleft only half way down, and the terminal

lobe is decidedly acute. On account of the leaf-form it may be

mistaken for 5. Munroana, but the flowers are smaller, the leaves

more deeply divided, the fruit is smaller, the carpels less reniform,

and the seed without filiform attachment.

Utah: Wahsatch County, near Midway, July 6, 1905, Carlton &
Garrett 6691 (type, in herb.cN. Y. Bot. Gard.); Fish Lake, around

Twin Creeks, Aug. 8, 1905, Rydberg & Carlton 7627.

There is a group of plants in Sphaeralcea, however, which

differs from the rest not only in habit but also in the character of

the fruit. The carpels are not, as in the typical Sphaeralcea,

divided into a lower portion, reticulate on the faces and enclosing

the seeds, and an upper smooth and empty portion; the whole

carpel is in this group smooth and hirsute. Dr. Greene* took out

this group and made a new genus under the name of Illiamna. I

think that this was unnecessary, for the plants are evidently

cogeneric with the West Indian Phymosia, usually also merged
in Sphaeralcea. If the two genera should be merged, the name
for the genus would be Phymosia, for it is the older of the

two. The species to be renamed under Phymosia are the following

:

Phymosia acerifolia (Nutt.) Rydb.

Sphaeralcea acerifolia Nutt.; T. & G. Fl. N. Am. 1: 228. 1838.

Illiamna acerifolia Greene, Leaflets 1: 206. 1906.

Phymosia rivularis (Dougl.) Rydb.

Malva rivularis Dougl.; Hook. Fl. Bor.-Am. 1: 107. 1831.
Sphaeralcea rivularis Torr. in Gray, Mem. Am. Acad. 4 : 23. 1849.
Illiamna rivularis Greene, Leaflets 1: 206. 1906.

Phymosia grandiflora Rydb.

Sphaeralcea grandiflora Rydb. Bull. Torrey Club 31 : 565. 1904.
Illiamna angulata Greene, Leaflets 1: 206. 1906.

Phymosia Crandallii Rydb.
Sphaeralcea Crandallii Rydb^ujLJWy Club 31: 564. 1904.
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Phymosia longisepala (Torr.) Rydb.

Sphaeralcea longisepala Torr. Bot. Wilkes Exped. 255. 1874.

LOASACEAE

Nuttallia* humilis (A. Gray) Rydb.

Mentzelia multiflora humilis A. Gray, PI. Wright 1: 74. 1852.

Touterea humilis Rydb. Bull. Torrey Club 30: 277. 1903.

Nuttallia integra (M. E. Jones) Rydb.

Mentzelia multiflora integra M. E. Jones, Proc. Calif. Acad. II. 5:

689. 1895.

Touterea integra Rydb. Fl. Colo. 235. 1906.

Nuttallia Rusbyi (Wooton) Rydb.

Mentzelia Rusbyi Wooton, Bull. Torrey Club 25: 261. 1898.

Touterea Rusbyi Rydb. Bull. Torrey Club 30: 276. 1903.

Nuttallia lobata Rydb. sp. nov.

Perennial with a thick root; stems strict, glabrous or nearly so,

white and shining, 3-4 dm. high; leaves 5-8 cm. long, 5-8 mm.

wide, narrowly oblanceolate, sinuately toothed or lobed with short

triangular lobes; sepals lanceolate, acuminate, 8-10 mm. long;

flowers diurnal, subtended by narrowly linear bracts; petals golden

yellow, spatulate, obtuse, 12-18 mm. long; petaloid staminodia

similar and almost as large; filaments numerous, the outer dilated;

capsule 15 mm. long, 8-9 mm. thick, acute, almost turbinate at the

base; seeds suborbicular, broadly winged.

This species is related to N. multiflora (Nutt.) Greene and N.

pterosperma (Eastwood) Greene. It differs from the former in the

narrow merely toothed or lobed not pinnatifid leaves; from the

latter in the acute teeth or lobes of the leaves and the capsule,

which is acute not rounded at the base, and from both in the

glabrous stem.

Utah: Near St. George, 1877, Palmer 172 (type, in herb.

Columbia Univ.); 1874, Parry ?6; 1902, Goodding 77$-

Nuttallia acuminata Rydb. sp. nov.

Stout biennial; stem 3-10 dm. high, straw-color, white in

age, rather dull, densely^nousj^thjbarbed hairs ;
lower leaves

8): it7 1818; "Nuttallia", Greene.
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oblanceolate, 1-2 dm. long, sinuately dentate, densely scabrous

with triangular teeth; upper stem-leaves lanceolate, long-acu-

minate, pinnatifid with lanceolate or rarely triangular lobes, the

lower ones of which are usually large and salient, the base of the

leaves, therefore, being very broad and truncate; flowers diurnal;

their bracts narrowly linear, entire or with a few narrow lobes;

sepals 2-3 cm. long, lance-subulate, long-acuminate, light yellow,

about 5 cm. long; outer filaments slightly dilated, the rest fili-

form, three fourths as long as the petals; petaloid staminodia none;

capsule 4 cm. long, 1 cm. thick; seeds obovate, winged.

This species has been confused with N. laevicaulis (Hook.)

Greene, but differs in the pubescent, duller stem (in N. laevicaulis

this is glabrous or with a few scattered stiff hairs, very white and

shining), broader petals, more deeply divided upper stem-leaves,

which are characterized by their acumination and broad almost

subhastate bases. N. acuminata extends farther eastward and

northward than N. laevicaulis and is lacking in California.

Idaho: Spokane River, Kootenai County, 1892, Sandberg,

MacDougal & Heller 651 (type, in herb. N. Y. Bot. Gard.) ; Palouse

County and Lake Coeur d'Alene, Alton 6015.

Montana: Emigrant Gulch, 1897, Rydberg 6f Bessey 4546;
Sedan, 1902, W. W. Jones; Garrison, 1895, Rydberg 2737, and

C. L. Shear 5248; Helena, 1892, Kelsey.

Wyoming: Between Sheridan and Buffalo, 1900, Tweedy 3617;
Gardiner River, 1899, Aven Nelson & Elias Nelson 6000.

Utah: City Creek, 1883, Leonard 116 and 227; Beck's Hot
Spring, 1905, Garrett 1595; Antelope Island and Stansbury Island,

Stansbury,

Washington: Loon Lake, 1897, Winston; Spokane, 1902,
Kraeger 529.

ONAGRACEAE
Boisduvalia salicina (Nutt.) Rydb.

Oenothera densiflora T. & G. Fl. N. Am. 1: 505. 1840.
Oenothera salicina Nutt. in T. & G. loc. cit., as a synonym.

This is quite different in habit from the typical B. densiflora
(Lindl.) S. Wats., having the foliage-leaves narrow, linear or linear-
lanceolate. It has a much more northern and eastern range,
extending into British Columbia and Idaho.
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Epilobium latiusculum Rydb. sp. nov.

Epilobium Dn \lum Rydb. Mem. N. Y. Bot. Gard.

i: 276. 1900.

To the characters given in the original description may be

added that the leaves are distinctly petioled, not sessile as in E.

Drummondii.

Epilobium platyphyllum Rydb. sp. nov.

Epilobium glaberrimum latifolium Barbey, Bot. Calif. 1 : 220. 1876.

Not E. latifolium L. 1753.

Epilobium paniculatum, as usually understood, contains several

forms or species, connecting on one hand with E. minutum, on the

other with E. jucundum. In order to facilitate the further study

of the groups, I give the following key of the Rocky Mountain

e glabrous; pedic

Capsule and pedicels
.

Epilobium Tracyi Rydb. sp. nov.

Annual; stem 3-8 dm. high, perfectly glabrous, straw-colored;

Lves 2-4 cm. long, linear, entire, glabrous; tube of the hypan-

ium 1-1.5 mm. long, funnel form; calyx-lobes about 2 mm. long,

ry acute; petals white, 2-3 mm. long; capsule more or less
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clavate, about 1.5 cm. long, perfectly glabrous; seeds obovoid,

1.5 mm. long.

This species is related to E. paniculatum but differs in the

small white flowers and the perfectly glabrous pod.

Utah: Ogden, July 31, 1887, Tracy & Evans 547 (type, in herb.

N. Y. Bot. Gard.) ; Salt Lake City, May 1869, Watson 396.

Oregon: Washington County, July 4> 1894, F. E. Lloyd.

Washington: Spokane, July II, 1902, Kraeger 132.

Idaho: Little Potlatch River, Latah County, June 17, 1892,

Sandberg, MacDougal & Heller 477.

Montana: Moraine near Poison, August 18, 1901, Umbach.

British Columbia: Howser Lake, Selkirk Mts., June 17, 1905,

Charles H. Shaw 714.

Nevada: Huntington Valley, August 1868, Watson 396.

Epilobium subulatum (Haussk.) Rydb.

Epilobium paniculatum subulata Haussk. Monog. Epil. 247. 1884.

Epilobium laevicaule Rydb. sp. nov.

Annual; stem glabrous, 6-10 dm. high, glabrous and shining;

the bark of the lower portion flaky; leaves linear or linear-lanceo-

late, 3-6 cm. long; the upper mostly involute, usually entire; tube
of the hypanthium about 4 mm. long, rather abruptly widening
into the calyx; calyx-lobes 3-4 mm. long; petals rose-colored, 6-7
mm. long; pods clavate, about 3 cm. long, glabrous or almost so;

seeds obovoid, dark; coma dingy.

Montana: Manhattan, 1895, Rydberg 2728 (type, in herb. N.
Y. Bot. Gard.)

; Shear 3114; Big Fork, Aug. 3, 1909, Butler 7016.

Washington: Pullman, Aug. 5, 1893, Piper 1631; Spokane,
Sept. 1902, Kraeger 536 and 573.

Idaho: Palouse County, 1892, G. B. Alton 69; Seven Devils
Mountains, Aug. 5, 1899, M. E. Jones 6317.

Epilobium Sandbergii Rydb. sp. nov.

Perennial by means of turions; stem obtusely angled, 6-10
dm. high, finely puberulent throughout; leaves sessile ovate,
acute, dentate, 3-7 cm. long, pubescent on both sides, or glabrate
beneath, except the veins; inflorescence crisp-hairy; calyx-lobes
hnear-lanceolate, about 5 mm. long; petals rose, 7-8 mm. long;
pod 4-6 cm. long, glandular-pilose; seeds 1.5 mm . long , a lmost
fceakless; coma tawny.
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It resembles somewhat E. Palmeri, but the flowers are nearly

twice as large.

Idaho: Moist places, valley of Mud Lake, Kootenai County,

July 25, 1892, Sandberg, MacDougal & Heller 737 (type, in herb.

N. Y. Bot. Gard.).

Montana: Bozeman, July 22, 1895, Rydberg 272Q.

Gayophytum Helleri Rydb. sp. nov.

Annual; stem branched with nearly erect, strict branches,

1-3 dm. high, more or less pubescent with spreading hairs; leaves

linear, 0.5-2 cm. long, softly hirsutulous; pedicels very short,

even in fruit scarcely more than 1 mm. long; sepals and petals

scarcely I mm. long; capsules linear, erect, 8-10 mm. long, almost

sessile, hirsutulous, not torulose; seeds about 1 mm. long, strigu-

lose.

This resembles G. racemosum in habit and the pod, C. caesiun in

pubescence and G. lasiospermum in the seeds.

Idaho: Forest, Nez Perces County, July 16, 1896, Heller 3433

(type, in herb. N. Y. Bot. Gard.).

Anogra leptophylla (Nutt.) Rydb.

Oenothera pallida leptophylla (Nutt.) T. & G. Fl. N. Am. 1: 495-

1840.

Oenothera leptophylla Nutt.; T. & G. Fl. loc. cit., as a synonym.

Oenothera longissima Rydb. sp. nov.

A tall biennial; stem strict, 5-10 dm. high, densely canescent

with short crinkled hairs as well as sparingly hirsute; leaves linear

or narrowly linear-lanceolate, 1-1.5 dm. long, densely canescent,

entire, acute at both ends, the lower short-petioled ;
spike rather

lax; bracts linear-lanceolate, 2-5 cm. long; hypanthium tube 10-

12 cm. long, denselv canescent, only slightly widening upwards;

sepals linear-lanceolate, about 4 cm. long; free tips about 4 mm.

long; petals golden yellow, 4 cm. long; stamens and pistil of about

the same length; capsule about 4 cm. long, densely canescent,

slightly tapering upwards.

This is related to 0. macrosceles A. Gray and O. Jamesii T. & G.,

but differs from the former in being canescent instead of glabrous

and in the smaller and narrower bracts, and from the latter in the

longer, narrower and entire-margined leaves, and in being more

canescent and less hirsute. It grows on sandy river banks at an

altitude of about 1,600 m.
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Utah: Armstrong and White Canyons near the Natural

Bridges, Aug. 4-6, 191 1, Rybderg & Garrett 9410 (type, in herb.

N. Y. Bot. Gard.).

Oenothera oraata (A. Nelson) Rydb.

Onagra ornata A. Nels. Bot. Gaz. 52: 268. 191 1.

Oenothera hirsutissima (A. Gray) Rydb.

Oenothera biennis hirsutissima A. Gray, Mem. Am. Acad. 4. 43-

1849-

This usually has been regarded as the same as O. Hookeri T. &
G. The type of the latter came from California, that of the

former from New Mexico. In the plant common in California

and the Great Basin, the free tips of the sepals are about 4 mm.
long, the pubescence of the leaves is short and that of the calyx

not very copious. In the type of O. biennis hirsutissima and

other specimens from New Mexico and Colorado, the free tips

of the sepals are only 2-2.5 mm - l°ng> the pubescence of the leaves

and calyx long and loose, and that of the latter very copious.

Oenothera subulifera (Rydb.)

Onagra strigosa subulate Rydb. Mem. N. Y. Bot. Gard. 1 : 279.

1900. Not 0. subulata R. & P. 1802

Onagra Oakesiana Rydb. Fl. Colo. 244. 1906. Not Oenothera

Oakesiana A. Gray. 1867.

l (M. E. Jones) Rydb.

Oenothera tenuissima M. E. Jones, Proc. Calif. Acad. II. 5'- 683.

1895.

Sphaerostigma macrophyllum (Small) Rydb.

Oenothera alyssoides villosa S. Wats. Proc. Am. Acad. 8 : 591 . 1873.

Not O. villosa Thunb. 1794-1800.

Sphaerostigma alyssoides macrophyllum Small, Bull. Torrey Club
23: 192. 1896.

AMMIACEAE
Osmorrhiza intermedia Rydb.

Washingtonia intermedia Rydb. Mem. N. Y. Bot. Gard. 1: 289.

1900.
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Glycosma maxima Rydb. sp. now

Perennial; stem I m. high or more, puberulent or glabrous,

pilose at the nodes; lower leaves twice compound, first pinnate and

the lower primary divisions ternate; the upper leaves ternate or

twice ternate; leaflets oblong-lanceolate, 5-10 cm. long, minutely

puberulent; branches of the umbels 9-12, in fruit more or less

spreading; pedicels in fruit 1-1.5 cm. long; fruit fully 2 cm. long,

obtuse at the base, contracted above into a beak 2 mm. long;

stylopodium conical, 0.5 mm. long, about as long as the styles.

This is related to G. occidentalis Nutt., but the fruit is much

larger (in G. occidentalis only 12-16 mm., rarely 18 mm. long), and

the rays of the umbels are in fruit usually widely spreading, while

in G. occidentalis they are nearly erect. The spreading rays sug-

gest G. ambigua and G. Bolanderi, but in both these species the

stylopodium is flatter.

Utah: Mount Nebo, Aug. 15, 1905. Rydberg & Carlton 7585

(type, in herb. N. Y. Bot. Gard.); Rocky Canyon, Provo, Aug. 16,

1887, Tracy 684.

Montana: Midvale, July 24, 1903, Umbach 508.

Atenia H. & A. Bot. Beech. Voy. 349- l840

This I think is a good genus, distinct from Carum. Although

the fruit is almost the same, the habit is quite different. The

habit of Atenia is the same as that of Eulophus. In fact it is

hard to distinguish the two genera without mature fruit, both

having the fascicled tuberous roots, the narrow leaf-segments,

the same inflorescence and flowers. The only essential differences

are the deeply concave seed-face with a central ridge and the sev-

eral oil tubes in Eulophus and the plane face and solitary oil 1

Ataenia. The following species found in the Rocky

Atenia Gairdneri H. & A. Bot. Beech. Voy. 349- 1840

Edosmia Gairdneri Nutt.; T. & G. Ft. N. Am. 1: 612. 1840.

Carum Gairdneri A. Gray, Proc. Am. Acad. 7- 344- l867-

Atenia montana (Blank.) Rydb.

Carum montanum Blank. Mont. Agr. Coll. Sci. Bot. 1: 91. *9<
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Atenia Garrettii (A. Nels.) Rydb.

Carum Garrettii A. Nels. in Rose, Cont. U. S. Nat. Herb. 12: 443.

1909.

Oreoxis MacDougaU (C. & R.) Rydb.

Aletes MacDougaU C. & R. Cont. U. S. Nat. Herb. 7: 107. 1900.

This was doubtfully referred to Aletes by Coulter and Rose.

The fruits in the type collection were very young and did not

show their true nature. Anyhow, they showed distinct wings,

a character inconsistent with the genus Aletes. Professor Garrett

and myself collected good fruits in southeastern Utah in the

summer of 191 1; and these show that the plant is rather an

Oreoxis than an Aletes, wings being present and these thick and

corky. The two genera are, however, more closely related than

has been recognized, having the same cespitose habit, the promi-

nent calyx, teeth, etc.

Daucophyllum (Nutt.) Rydb. gen. now

Musemum § DaucophyUum Nutt.; T. & G. Fl. N. Am. 1: 642.

1840.

Low cespitose perennials, acaulescent or nearly so, with a
branched caudex. Leaves numerous, basal, or 1 or 2 cauline,

pinnate or bipinnate with filiform or narrowly linear divisions.

Flowers cream-colored to yellow, in dense umbels. Bracts want-
ing; bractlets few, narrow, linear. Calyx teeth prominent.
Stylopodium wanting. Fruit ovoid or oblong, granular on the
intervals. Ribs equal, rather strong, but not at all winged. Oil

tubes 2 or 3 in the intervals, 4-6 on the commissural side. Seed
terete or somewhat depressed ; face plane.

The type, Musenium tenuifolium Nutt., was separated as a
section in Torrey and Gray's Flora. The relationship is rather

with Harbouria and Aletes than with Musineon Raf. The first-

mentioned relationship was recognized by Coulter and Rose (see

their Revision, p. in). It differs from Harbouria in not having
thick corky ribs and in having several oil tubes in the intervals. It

is still more closely related to Aletes, having the same habit, although
narrower leaf-segments, the main differences being, however, the
solitary oil tubes in Aletes and 2 or 3 in each interval in Dauco-
phyllum, and the concave seed face in the former and the plane
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one in the latter. The second species given below was included

questionably in Aletes by Coulter and Rose; but in the number of

oil tubes and the plane seed face it agrees better with Musenium
tenuifolium Nutt. than with the typical species of Aletes.

1. Daucophyllum tenuifolium (Nutt.) Rydb.

Musenium tenuifolium Nutt. ; T. & G. Fl. N. Am. i : 642. 1840.

2. Daucophyllum lineare Rydb. nom. now

Aletes tenuifolia C. & R. Cont. U. S. Nat. Herb. 7: 108. 1900.

Coriophyllus (M. E. Jones) Rydb. gen. nov.

Cymopterus ^Coriophyllus M. E. Jones, Cont. West. Bot. 12: 20.

Perennial herbs with more or less fleshy root, somewhat
branched rootstock covered with fibrous sheaths, and leafy-

stems with internodes shorter than the leaf-sheaths. Flowers

yellow to purple. Bracts none; bractlets present, but narrow.

Leaves pinnately dissected, subcoriaceous, rigid, not fleshy, with

ovate or lanceolate, cuspidate or spinulose-tipped lobes. Calyx

teeth evident. Stylopodium wanting. Fruit orbicular to oval

in outline, usually emarginate at both ends, compressed laterally

if at all. Ribs with broad wings. Oil tubes 1-5 in the intervals,

2-8 on the commissural side. Seeds little if at alt flattened dor-

sally; face deeply grooved.

I agree with Mr. Marcus E. Jones that the genus Aulospermiim,

as constituted by Coulter and Rose, is a rather unnatural one,

made up of two groups of quite different habit; but instead of

reducing both groups to sections of Cymopterus as Mr. Jones did,

I rather regard them as two distinct genera, and adopt for the

second group the sectional name first proposed by Mr. Jones.

(See the discussion in Cont. West. Bot. 12: 19-20 and 27.) He,

however, had the group under two different sectional names. The

section is called Coriophyllus on page 20 and Scopulicola on page

The following species are found in the Rockies and are dis-

tinguished thus:
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i. Coriophyllus Jonesii (C. & R.) Rydb.

Cymopterus Jonesii C. & R. Rev. N. Am. Umb. 80. 1888.

Aulospermum Jonesii C. & R. Cont. U. S. Nat. Herb. 7: i?8-

1900.

2. Coriophyllus Rosei (M. E. Jones) Rydb.

Aulospermum Rosei M. E. Jones; C. & R. Cont. U. S. Nat. Herb.

7: 179. 1900.

3. Coriophyllus purpureus (S. Wats.)

Cymopterus purpureus S. Wats. Am. Nat. 7: 300. 1872.

Aulospermum purpureum C. & R. Cont. U. S. Nat. Herb. 7- I7«-

1900.

4. Coriophyllus Betheli (Osterhout) Rydb.

Aulospermum Betheli Osterhout, Muhlenbergia 6: 46. 1910.

PSEUDOCYMOPTERUS C. & R.

This genus is one of the most unnatural in Coulter & Rose's

Monograph. Jones* called attention to this fact, although he

included the genus, as well as Oreoxys, Rhysoplerus, Aulospermum,
and Pteryxia in Cymopterus, and does not go to the bottom of the

facts. The genus as constituted by Coulter and Rose contains at

least three distinct groups of plants of little relationship to each

other. The first group contains Pseudocymopterus montanus and
its close relatives; the second of P. anisatus and P. aUtifalius, and
perhaps P. Hendersonii, which I do not know; and the third of P.

bipinnatus and probably Cymopterus nivalis S. Wats., of which the

fruit is unknown. P. montanus is the type of the genus, which
latter therefore must be restricted to it and its relatives. Jones

*Cont. West. Bot. 12: 24-20. i 008.
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includes P. anisatus and P. bipinnatus in his section Oreoxis, but the

genus Oreoxis has all ribs corky and the lateral ones scarcely more
prominent than the dorsal ones, the fruit is not flattened dorsally,

the styles and sepals are erect. In Pseudocymopterus anisatus

the lateral wings are very prominent, the dorsal ribs narrowly

winged or some of them merely acute, the styles are recurved,

the sepals spreading and one or two of them larger than the rest,

and the fruit is decidedly flattened dorsally. The plant is more
related to Aides than to Oreoxis, and P. aletifolius connects it with

that genus. It can not be placed in Aletes, however, for in that

genus the fruit is not compressed and the ribs not winged. It

would be much better to include P. anisatus and P. aletifolius in

Pteryxia, as they have the foliage and nearly the same fruit as in

that genus, but the strictly acaulescent plant, the narrow and thick

wings of the fruit and the very prominent and unequal calyx-teeth

would make it rather abnormal even in that genus. Although
l t does not differ so much in the technical characters of the

fruit from the typical Pseudocymopterus, the habit is quite different,

so also the texture of the leaves, and in Pseudocymopterus the

sepals are minute. It is better to regard P. anisatus as a type of

a new genus.

Pseudopteryxia Rydb. gen. nov.

Densely cespitose, strong-scented, acaulescent perennials with

multicipital caudices covered with numerous sheaths of old leaves.

Leaves pinnatifid or bipinnatifid with thick, firm, pungent divi-

sions. Flowers yellow; involucres wanting; bractlets linear-subu-

late, pungent. Calyx-teeth very prominent, spreading, unequal,

one or two much longer than the rest. Stylopodium wanting.

Fruit oblong, glabrous. Ribs thick, the dorsal and intermediate

ones sharp or some of them with narrow wings; the lateral ones

with broader wings, distinct from those of the other carpel.

Carpels flattened dorsally. Oil tubes 1-3 in the intervals, 2-4

on the commissural side. Seed face plane.

Pseudopteryxia anisata (A. Gray) Rydb.

Cymopterus (?) anisatus A. Gray, Proc. Acad. Phila. 1862: 63.

1863.

Pseudocymopterus anisatus C. & R. Rev. N. Am. Umb. 75. 1888.
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Pseudopteryxia longiloba Rydb. sp. nov.

Densely cespitose perennial with a thick root and short caudex,

covered by numerous old leaf-sheaths and petioles; leaves twice

pinnatifid, with linear-subulate, pungent divisions; peduncles 2-3

dm. high, stout; bractlets linear-subulate, spreading, often 1 cm.

long; flowers yellow; fruit about 6 mm. long; lateral wings thick,

narrow, some of the wings of the dorsal ribs often fully as broad;

calyx-teeth less prominent than in P. anisata.

This is closely related to P. anisata, differing in the larger fruit

(in P. anisata about 4 mm. long), and longer leaf-segments. On

account of the long leaf-segments, specimens collected in flower

by Carlton and myself were mistaken for Cynomarathrum Nuttallii

(A. Gray) C. & R.; but good fruit was received in the summer of

1911.

Utah: Abajo Mountains, Aug. 17, 191 1, Rydberg & Garrett

9761 (fruit; type, in herb. N. Y. Bot. Card.); also 9760 (fruit);

La Sal Mountains, July 7 and 17, 8724 and 9015 (young fruit);

Mountains north of Bullion Creek, near Marysvale, July 23,

Rydberg & Carlton 7085 and 7096 (flowers); Mount Ellen, July

24 and 25, 1894, M. E. Jones 5677 (fruit, but poor).

Pseudopteryxia aletifolia Rydb.

Pseudocymopterus aletifolius Rydb. Bull. Torrey Club 31: 574.

1904.

Neither can Pseudocymopterus bipinnatus be retained in the

genus; in fact, it is still more out of place. Not only is the habit

strikingly different from that of P. montanus, but the fruit is not,

as Coulter and Rose described it, "moderately flattened dorsauy,"

for the fruit when well developed is moderately flattened laterally,

which places it in the other division of the family. Furthermore,
the seed face is concave, the bractlets broad and scarious, and a
stylopodium, although strongly flattened, is present. Were it

not for these characters of the fruit the plant could be placed in

the same genus as P. anisatus. As it is, its relationship is with
DaucophyUum and Aletes. I would place it in Daucophyllum
were it not for the winged ribs, the concave seed face and the
reflexed style. The fruit is nearer that of Aletes, but the oil tubes
are several, the ribs winged, styles reflexed and stylopodium
present. If a person were using the key given by Coulter and Rose
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in their Monograph and were trying to determine the plant, the
key would lead to Aulospermum or Phellopterus, to either of which
genera it is not even closely related. Mr. Jones included it in

Oreoxis, to which I admit it is related, but the ribs are not corky,

the stylopodium present, the styles reflexed, the flowers white,

not yellow, and the bractlets scarious.

Pseudoreoxis Rydb. gen. nov.

Low cespitose acaulescent perennials, with branched caudex.
Leaves bipinnate; the segments more or less cleft with small
lanceolate divisions. Flowers white in small umbels; bracts want-
ing; bractlets ovate or lanceolate, cuspidate or abruptly acumi-
nate, scarious, white with a green midrib. Calyx-teeth evident but
small. Stylopodium present but low and flat. Styles reflexed.

Fruit somewhat flattened laterally, oblong. Ribs all with narrow
wings, the lateral ones scarcely wider. Oil tubes 3 or 4 in the
intervals, 6-8 on the commissure. Seed face slightly concave.

Pseudoreoxis bipinnatus (S. Wats.) Rydb.

Cymopterus bipinnatus S. Wats. Proc. Am. Acad. 20: 368. 1885-

Pseudocymopterus bipinnatus C. & R. Rev. N. Am. Umbel. 75.

Pseudoreoxis nivalis (S. Wats.) Rydb.

Cymopterus nivalis S. Wats. Bot. King. Exped. 123. 1871.

I do not hesitate to refer this species to the same genus as P.

bipinnatus, although the fruit is unknown, for the habit, and

flowers are so closely resembling those of P. bipinnatus.

Cynomarathrum latilobum Rydb. sp. nov.

Acaulescent perennial with densely cespitose caudex covered

by old broad leaf-sheaths; leaves about 1 cm. long, pinnate,

glabrous; leaflets entire or 2- or 3-cleft into broadly lanceolate,

reticulate, thick, pointed segments 5-15 mm. long; peduncles

1-1.5 dm. long, stout; rays 1-2 cm. long; bractlets linear or

lance-linear, 5-6 mm. long; flowers apparently straw-colored or

ochroleucous; fruit about 9 mm. long, 6 mm. wide; lateral wings

about as broad as the body; dorsal ribs filiform or some of them

narrowly winged; oil tubes 2-4 in the intervals, 4-6 on the com-

missure, rather obscure.

The fruit of this species is intermediate between that of C.

Nuttallii and C. Parryi, but the plant differs from both, as well as

from all the known species, in the broad segments of the leaves.
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i segments resemble those of some species of Cogswellia of the C.

lp, but the leaves are pinnate, not ternate, the plant

has the densely cespitose, sheath-covered caudex characteristic

of Cynomarathrum , and the fruit is of that genus, having some of

the dorsal ribs winged, and the calyx-teeth are prominent. It grows

on sides of canyons at an altitude of 1,600 m.

Utah: Proposed dam site, near Wilson Mesa, Grand County,

Utah, July i, 191 1, Rydberg & Garrett 8371 (fruit; type, in herb.

N. Y. Bot. Gard.); also 8414 (withered flowers).

Cogswellia simplex (Nutt.) Rydb.

Peucedanum triternatum platycarpum Torr. Stansb. Rep. 389. 1852.

Peucedanum simplex Nutt. ; S. Wats. Bot. King. Exped. 129. 1871.

Lomatium platycarpum C. & R. Cont. U. S. Nat. Herb. 7: 226.

Cogswellia platycarpa (Torr.) M. E. Jones, Cont. West. Bot. 12 : 32.

1908.

It was unfortunate that an amendment to the Rochester Code
ever was passed at Madison, by which a varietal name could

supersede a specific name, and I am glad that the amendment
mentioned has been recalled and that we can return to the specific

name well known by a long usage.

Cogswellia leptophylla (Hook.) Rydb. sp. nov.

Peucedanum triternatum leptophyllum Hook. Lond. Journ. Bot. 6:

235- 1847-

This species is related to C. simplex, C. triternata, and C.

robustior. In general habit, it resembles most the second, but
the leaflets are narrower, the fruit is shorter and relatively broader
and puberulent. C. simplex has less compound leaves, broader
leaflets, larger and glabrous fruit; C. robustior has much broader
and more spreading leaflets, longer fruit with very narrow wing.

Montana: Helena, June-July, 1891, Kelsey; also May, 1890;
University campus and hillsides, Missoula, 1901, MacDougal 130;
Old Sentinel, June 12, 1901, MacDougal; Deer Lodge, June, 1888,
Traphagen; Mt. Ascension, Helena, 1909, Butler 4057.

Idaho: Hills near Boise, June 7, 1892, Isabel Mulford; Weiser,
April 18, 1900, M. E. Jones 6336.

New York Botanical Garden.



Tetradesmus, a new four-celled coenobic alga

Gilbert Morgan Smith

Methods and material

The alga described below was obtained during a study of

various algae in pure cultures. The isolation of the different algae

was by means of a medium consisting of 0.2% Knop's (9) solution

and 2.0% agar in Petri dish cultures. By this method cultures

were obtained which were the descendants of a single cell. Great

care was used in the isolation, and only those cultures that were

entirely free from other algae and bacteria were used in this study.

After the isolation, cultures were made in sterile Knop's solution

in 200 c.c. Erlenmeyer flasks. A complete description of the

methods used will be given in a forthcoming paper.

The details of the cellular structure were studied in material

which had been fixed in Flemming's weak osmic-acetic-chromic

acid mixture diluted with an equal volume of water. For the

washing and dehydration of the material a modification of Oster-

hout's (12) method was used. After the material had been al-

lowed to stand in the killing solution for 24 hours, as much as

possible of the solution was removed from the vial by means of a

pipette, and then the vial was filled with distilled water. A
celloidin film was prepared by pouring a celloidin solution on a

clean surface of mercury and allowing it to harden so that it could

be lifted up and placed over the mouth of the vial. The membrane

was then allowed to harden still further while on the mouth of the

vial. The material was then washed by simply placing it in a

dish containing running water. For the purpose of dehydration

the vial was transferred to 70 per cent, alcohol for 12 hours and

then to two successive portions of 95 per cent, alcohol, at intervals

of 12 hours. By means of this method the loss of material through

decantation was obviated. The material was imbedded in paraffin

sections of from 3 to 5 m in thickness.

75
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The triple stain of Flemming gave the best differentiation, and all

drawings are from preparations made in this manner.

I wish to express my thanks here to Professor Charles E. Allen

for kind criticism and keen interest shown during the progress of

this work and preparation of the manuscript.

Diagnosis

The alga in question normally occurs in the form of four-celled

colonies. The characteristic feature of the arrangement of the

cells is that when viewed from the side they are seen to be in two

tiers, while in Scenedesmus, apparently the most nearly related

form, the cells are all in a single plane. The shape of the cells

varies somewhat with their age, the mature ones being more ovoid.

The following are the descriptions of the genus and species:

Tetradesmus gen. now

Colonies free, of 4 cells, rarely 1 or 2 ; cells in two planes, 2 cells

in each plane, joined along the longer axes, ovoid with pointed ends

;

chlorophyl present throughout the cell, pyrenoid single. Repro-
duction by autocolonies inside of old cell wall, liberated by rupture
of mother cell wall.

Coenobia segregata, e cellulis quaternis (rarius 1-2). Cellulae
binae latere longiore in seriem duplicem conjunctae, ovoideae
utroque polo acutae, homogeneae chlorophyllosae, et pyrenoide
singulo praeditae. Propagatio fit autocoenobiis intra cellulam
matricalem quae membranae ruptura prodeunt.

Tetradesmus wisconsinensis sp. nov.

Cells ovoid with sharply pointed ends, 4-5.8 by 12-14.5 /z.

Habitat: Floating in sluggish streams and lakes; Madison,
Wisconsin.

Cellulae ovoideae utroque polo acutae, 4-5.8 /z X 12-14.5 p..

Habitat: In rivulis lente fluentibus et lacubus libere natantes.
Madison, Wisconsin.

The characters described above are sufficient, in my opinion,
to warrant the assumption that we have a new genus. The
objection may be made that this is merelv a cultural form of

Scenedesmus acutus Meyen; for according to Chodat (3), Chodat
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and Malinesco (4) (5), and Grintzesco (6), Scenedesmus acutus

shows great variation under different cultural conditions. The
regular arrangement of the cells in a linear series may disappear

and the cells become isolated or arranged in the branching chain-

like colonies which Naegeli (11) has described under the name of

Dactylococcus. Although not at all conclusive, the fact is worthy
of mention here that these investigators found no variation of

Scenedesmus acutus which looked at all like Tetradesmus.

The alga in question has been under constant observation

for over nine months and cultivated in different media, such as

Knop's solution in different concentrations, Knop's solution with

glucose or cane sugar, Beyerinck's (2) solution, and Knop's

solution with 0.2-2% sodium chlorid. It has been cultivated

under different conditions of illumination and temperature, and

under none of these conditions has a colony been found with the

cellular arrangement characteristic of Scenedesmus acutus. Con-

versely the evidence is just as strong, for I have had several

different strains of Scenedesmus acutus under observation for ths

same length of time and under the same differing conditions, and

in these cultures forms resembling Tetradesmus have never been

found. If Tetradesmus were a cultural form of Scenedesmus acutus,

the change from one form to the other should have been observed

in this extensive series of cultures.

In the size, shape, and structure of the individual cells the two

species also show constant differences. The cells of Tetradesmus

wisconsinensis vary in size from 4-5.8 n in width when the alga

is grown in 0.1% Knop's solution; those of Scenedesmus acutus

under the same conditions are 6.2-4.5^ in width. When the alga

is grown in a 1.0% Knop's solution, the average diameter of the

Scenedesmus cell increases to 6-7.8 n, that of the Tetradesmus cell

remaining practically unchanged. With the change to the

stronger solution there is no change in the length of the individual

cells. This change from the acicular to the ovoid-round shape

of the cell in Scenedesmus acutus, when the concentration of the

medium is increased, has been already pointed out by Senn (14).

On the other hand, Tetradesmus shows no appreciable change in

the shape of the cells when the concentration of the nutritive solu-

tion is increased. Beyerinck (1) and Senn (14) have shown that
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in weaker nutritive solutions the chromatophore of Scenedesmus

acutus does not fill the entire cell but that there is a hyaline region

at one side. My experiments with Scenedesmus acutus confirm

this point; however, the chromatophore in Tetradesmus always

completely fills the cell. The pyrenoid of Scenedesmus is con-

stantly somewhat larger than that of Tetradesmus, being about 2.5

u in diameter in the former and 1.5 u in the latter. The arrange-

ment of the starch grains differs somewhat, the characteristic

segmentation of the grains around the pyrenoid being easily seen

in Scenedesmus and only with great difficulty in Tetradesmus. In

the older cultures of the former species the cell is usually filled

with characteristic angular pieces of "stroma" starch that have

been derived from the pyrenoid ; in Tetradesmus kept under similar

conditions the "stroma" starch granules are not very abundant.

A good idea of the cellular structure of Scenedesmus acutus may be

obtained from fig. 3.

Among other coenobic algae the forms which appear to re-

semble Tetradesmus most closely are Selenastrum Reinsch (17)

and Lauterborniella Schmidle (13). Selenastrum, as described by

West (17), differs from Tetradesmus in that there are more than

four cells in some of the colonies, and that the individual cells do

not possess a pyrenoid. Dr. Schmidle has kindly compared my
material with his type specimens of Lauterborniella and informs

me that neither in size, shape, nor arrangement of the cells does

Tetradesmus resemble Lauterborniella.

Morphology

The individual cells of the Tetradesmus colony are always more
or less ovoid, but in every case they are sharp-pointed at the ends.

The cell wall is composed of two parts, as Chodat and Malinesco

(4) have shown for Scenedesmus. The inner part is of cellulose

and reacts to zinc chloriodid ; the outer is composed of a gelatinous

material which serves to bind the cells of the colony together.

The existence of this outer gelatinous layer can be demonstrated
by the use of some such stain as Bismarck brown. There is no
central vacuole, but the entire cell except for the nucleus and the

pyrenoid is filled with a cytoplasm which is granular or rarely

slightly alveolar in structure. The chlorophyl is distributed
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throughout the cytoplasm and is not in the form of a definite

chromatophore. Every cell possesses a single, eccentrically placed

pyrenoid. In preparations stained with the safranin-gentian

violet combination, the pyrenoid takes on a brilliant red coloration

and the surrounding layer of starch is colored blue. The pyrenoid

appears to be an entirely homogeneous body and not composed
of lighter and darker regions, as Lutman (10) has shown to be the

case in Closterium. On the other hand, the minuteness of the

pyrenoid may possibly account for the failure to observe these

details in its structure. A method devised by E. M. Gilbert, but

as yet unpublished, in which a differentiation of the structure of

the pyrenoid of Sphaeroplea was obtained by the use of safranin

and Lichtgrun, was also tried, but no differentiation in the pyrenoid

of Tetradesmus was observed. Surrounding the pyrenoid is a

hyaline region which extends from the surface of the pyrenoid

to the starch grains. This possibly may be a region that is com-

posed of intermediate compounds in the formation of the starch

grains, but this region failed to take any of the different stains

used, although Timberlake (15) found that at times a part of it

(in Hydrodictyon) stained with orange G. The starch granules

surrounding the pyrenoid form a layer which is circular in outline

and not angular as in Hydrodictyon (Timberlake) and Closterium

(Lutman). Fig. 6 shows that there is some variation in the width

of the starch layer and also that the outline of the starch ring may

approach the ovoid but never the angular. The drawings also

bring out the fact that the pyrenoid is not always in the center of

the starch ring but may be towards one side. The starch layer is

not a single unbroken ring but is composed of curved plates.

Fig. 8 shows this segmentation of the starch layer. The deter-

mination of this point is an exceedingly difficult matter, although

it may be noted again that the individual starch plates in Scenedes-

mus are easily observed. In the case of some of the older cells

starch granules may be also found in the cytoplasm some distance

from the pyrenoid (fig. 7). These granules have been given the

name of "stroma" starch by Klebs (8), but Timberlake (15) has

shown that they are of pyrenoidal origin. The existence of the

"stroma" starch may be taken as evidence of a somewhat patho-

logical condition, since it is never found (at least in Tetradesmus)
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in any except the old, yellow-colored cultures. The "stroma"

starch is also produced in much larger quantities in the Scene-

desmns cell than it is in the Tetradesmus cell.

The nucleus is usually at the inner side of the cell (fig. i), but

it as well as the pyrenoid may lie in the long axis of the cell (fig. 2).

Frequently the nucleus and the pyrenoid are symmetrically placed

in the long axis of the cell. There is always a single nucleole

within the nucleus. The chromatin seems to have a very fine

granular structure, and the only apparent difference between the

cytoplasm and the non-nucleolar part of the nucleus is the greater

density of the latter when the material is stained with Heiden-

hain's iron-alum-hematoxylin.

Reproduction

Reproduction always takes place by the formation of auto-

colonies within the mother cell wall. The formation of zoospores

or motile gametes was never observed. In this respect the form

resembles Scenedesmus, whose sexual reproduction is unknown.

The division of the nucleus was not observed with certainty,

on account of the minuteness of the nucleus, but stages in the

cleavage of the cell were found in sufficient abundance to warrant

the assumption that the following is the correct description of the

The nucleus divides so that the daughter nuclei lie in a line

parallel to the long axis of the cell, as shown by a cell containing

two daughter nuclei (fig. 9). This stage was found in great

abundance, and the two daughter nuclei were always found at

the inner side of the cell. Following this division of the nucleus

comes a cleavage of the cytoplasm, so that each half of the

protoplasmic mass contains a nucleus (fig. io,4 and 10B). This
division takes place by the formation of a cleavage furrow from
the outside toward the center. The process seems to be similar

to that observed by Harper (7) in the spore formation of certain

fungi and by Timberlake (16) in the swarm spore formation of

Hydrodictyon. The daughter cells resulting from this division are

two naked protoplasts which lie close to one another and are not

separated by a wall. The pyrenoid does not divide during this

process; consequently, at the end of the first cleavage one daughter
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protoplast contains a pyrenoid and one does not. This fact can
be determined with the greatest accuracy since the staining re-

action of the pyrenoid makes it the most conspicuous structure in

the cell. Hundreds of cells at this stage of development have been

observed, and in every case the pyrenoid was easily distinguished

in one of the daughter protoplasts while the other was empty.
At first this cleavage without a division of the pyrenoid was
thought to be an abnormality, but the abundance of cells in this

condition and the failure to find a single case in which a pyrenoid

appeared in each of the daughter protoplasts show that this is the

The first plane of cleavage is usually approximately at right

angles to the long axis of the cell (fig. ioA), but soon after the

cleavage the daughter protoplasts arrange themselves inside of

the mother cell wall so that the original cleavage plane appears

to be diagonal (fig. ioB). The stimulus which leads to this

twisting of one of the protoplasts upon the other is not known. A
second division of the daughter nuclei now occurs. Fig. ii shows

this fully completed, the direction of the division, to judge by the

position of the resting nuclei, always being parallel to the primary

cleavage plane. There is some variation in the time at which this

second division takes place; in some cases it occurs when the

primary cleavage plane is only a few degrees from the transverse

position, but in others the primary plane has come to lie at an

angle of 45 degrees with its original position before the second

nuclear division occurs. Fig. ii shows that after the second

nuclear division a single pyrenoid is still in evidence in one of the

protoplasts while there is none in the other. The amount of

starch surrounding the pyrenoid is approximately the same as

that in the undivided cell, but this is not brought out in the figures,

since material which is well stained for the nuclear structures does

not show the starch about the pyrenoid. Fig. iojB, from material

which was stained especially to bring out the pyrenoid, shows that

after the first cell cleavage there is still considerable starch about

the pyrenoid.

Following the second nuclear division there is a cleavage in each

cf the protoplasts. These cleavages seem to be usually simul-

taneous, but fig. 12 shows a case in which the cleavage has been
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completed in one of the daughter protoplasts and not in the other.

The relation of the cleavage planes to one another shows that

there are certain mechanical factors governing their position. It

is well known [Wilson (20)] that in the cleavage of the animal egg

changes often occur in the position of the cells with regard to one

another. Surface tension seems to be one of the factors governing

this change. In moss rhizoids, de Wildeman (18) found that the

cross walls are always S-shaped in section, so that although the

cross wall as a whole is placed diagonally, yet its junction with

the outer walls of the rhizoid is at right angles. This curving of

the cleavage planes where they meet the mother cell wall occurs in

substantially the same manner in Tetradesmus (fig. 13, 14).

One view of the young four-celled colony, shortly after the

second cleavage, when seen from the side, is shown by fig. 13, but

when the young colony is seen in a plane at right angles to that

shown in this figure, we observe the very different appearance

shown in fig. 13^. Fig. 13 shows that even after the four proto-

plasts of the young colony are formed, one and only one contains

a pyrenoid. At this stage, or very shortly after, the old pyrenoid

disappears (fig. 14). This disappearance probably takes place

quite rapidly, since no intermediate stages were found between

those shown in fig. 13 and 14. In no case was the pyrenoid

recognizable at stages later than those of fig. 13 and 14.

The changes that follow in the young colony might be well said

to constitute a period of maturation. The maturation consists in

an elongation of each of the daughter protoplasts until it extends

the entire length of the mother cell. The protoplasts do not elon-

gate so as to lie in one plane, but the two in one (which we may call

the lower) half of the cell slip up over the two in the upper half.

This slipping occurs along the diagonal plane of the first cleavage.

A stage in this slipping is seen in fig. 15, although the drawing fails

to bring out the fact that a portion of each of the two upper cells

is hidden by part of the lower pair of cells. When this elongation

is completed, the daughter cells are arranged in two planes, so that

only two cells may be seen in any lateral view (fig. 16). The
growth of the four daughter cells seems not to be an equal elonga-

tion of all parts, but rather an elongation of the end of each of the

daughter cells farthest from the corresponding apex of the old
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mother cell. As a result the nucleus of each daughter cell is not
found in the center of the cell but nearer the end that was originally

in contact with the apex of the mother cell wall. Fig. 15 shows
this fact, but it must be borne in mind that a portion of the upper
pair of cells is concealed by the lower ones. At the beginning of

this elongation there is no pyrenoid present in any of the daughter

protoplasts (fig. 15). The further steps in the maturation of the

daughter cells consist in the formation of pyrenoids and cell walls.

The daughter cells are without pyrenoids until they have reached

their full length, and then a pyrenoid suddenly appears in each

(fig. 16). Such an origin of pyrenoids de novo is contrary to the

current conception, according to which a pyrenoid always arises

by the division of a preexistent pyrenoid but is in harmony, as

will be later pointed out, with Timberlake's observations in

Hydrodictyon. The formation of the new pyrenoid possibly may
be a result of the metabolic activities of the nucleus, since the

pyrenoid at its first appearance is often very close to the nucleus

(fig. 17). In other cases, possibly representing later stages, the

pyrenoid is at a greater distance from the nucleus (fig. 16).

At about the same time as the appearance of the pyrenoid a cell

wall is formed around each of the four protoplasts while they are

still within the old cell wall.

The liberation of the daughter colony is through a longitudinal

break in the mother cell wall. End views, such as those shown in

fig. 19 and 20, are especially favorable for studying the relation

of the daughter coenobe to the mother cell wall. The opening

through which the young colony escapes is a fissure that extends

the whole length of the mother cell wall (fig. 18). The cause of

this rupture is probably the growth of the young colony within

the old wall. It is not an irregular break but a definite longitu-

dinal split, which is always at the side turned away from the ether

cells of the mother colony. After liberation the young coenobe

is composed of cells which are of nearly full length but which are

much more acicular than the mature cell (fig. 17). The further

history of the coenobe consists in the growth of the individual

cells until they have assumed the shape characteristic of the adult

stage.
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Discussion

Tetradesmus belongs to the family Coelastraceae, recently estab-

lished by Wille (19). Tetradesmus shows a close relationship to

Scenedesmus. The method of reproduction is essentially the

same as that which occurs in Scenedesmus, the chief difference

being that at the time of liberation from the mother cell wall the

cells forming the coenobe in Scenedesmus become arranged in the

form of a plate, while in Tetradesmus they remain rolled up. It

seems probable that one form has been derived from the other,

but there is little evidence as to the direction that the phylo-

genetic development has taken. There is also the possibility

that these two forms have been derived from a common ancestor.

Tetradesmus may have been derived from Scenedesmus through a

loss of the tendency for the cells of the coenobe to unroll and spread

out into a linear series after their liberation from the mother cell

wall; or some colony of Tetradesmus may have developed this

character of unrolling the cells in order to obtain an arrangement

of the individual cells better adapted for photosynthesis.

Cytological study shows that these forms {Tetradesmus and

Scenedesmus) are more closely related to Hydrodictyon and Pedias-

trum than has been usually supposed. In the last-named forms

reproduction takes place by the formation of a more or less definite

number of zoospores, which then become arranged in the form of

the mature colony while they are still inside the old mother cell

wall or inside a gelatinous vesicle. In Tetradesmus and Scenedes-

mus there is a successive division into a definite number of uni-

nucleate masses of protoplasm. These correspond to the zoospores

of Hydrodictyon and Pediastrum in every way except for the fact

that they have no power of movement. We may easily think of

these daughter cells in Tetradesmus and Scenedesmus as zoospores

which have lost the power of movement. The loss of power of

motility of the zoospores inside the mother cell wall is probably
a step in advance of the condition in Hydrodictyon. There is

also the possibility that this loss of movement of the zoospores

is connected with the smaller number of spores produced and the

greater ease with which they get into their permanent positions.

Reproduction in Tetradesmus is completed by a movement of the

"zcospores" into the position which they will occupy in the
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mature colony, and then by the liberation of the young colony

from the mother wall.

Another similarity between the young daughter cells in Tetra-

desmus and the swarm spores in Hydrodictyon is in the behavior

of the pyrenoid. In Hydrodictyon, Timberlake (16) noted that

after the swarm spores are formed by cytoplasmic cleavage, new
pyrenoids appear as small red-staining bodies closely associated

with the nuclei. This is exactly what takes place in Tetradesmus

and gives us a further basis for considering the young daughter

cells of Tetradesmus the morphological equivalents of the swarm
spores of Hydrodictyon. As in Hydrodictyon also, the daughter

cells at first have no cell wall, but a cellulose wall is formed after

the daughter cells have settled down into the position which

they will have in the adult colony.

Summary

i. Tetradesmus is a distinct genus, and not a cultural form of

Scenedesmus.

2. Reproduction takes place by the formation of non-motile

cells (spores) by successive nuclear and cell divisions. These

spores then become arranged in the form of the adult colony while

they are still inside the old cell wall. The young colonies are

liberated by the rupture of the mother cell wall.

3. The pyrenoids in the daughter cells arise de novo and not by

the division of a preexisting pyrenoid.
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Development of the peristome in Ceratodon purpureus

Introductory

In his recent work on the Bryophyta, Cavers ('n, p. 182)

divides the Bryales, or true mosses, into the four following groups,

based on distinctions emphasized by Fleischer: Tetraphidales,

Polytrichales, Buxbaumiales, and Eu-Bryales. In this division

the peristome is the organ from which the most important differ-

ential characters are derived. In the Tetraphidales and Poly-

trichales the teeth of the peristome are composed of entire cells;

in the Buxbaumiales and Eu-Bryales they are composed of

thickened cell walls. Leaving the Encalyptaceae out of con-

sideration, the Eu-Bryales may be further divided, following the

example of Philibert ('84, p. 67), into the Diplolepideae and the

Haplolepideae. The Diplolepideae with few exceptions have two

peristomes, while the Haplolepideae have single peristomes, if

such structures are present at all.

In the Diplolepideae the two peristomes are derived from two

concentric layers of cells in the opercular portion of the capsule.

The development of the peristome has been described in several

species of this group but is especially well known in Funaria

hygrometrica (Goebel, '87, p. 188; Campbell, '05, p. 211) and

Mnium hornum (Strasburger, '02, p. 491), which may be considered

typical representatives. In both these species the outer per-

istomial layer is composed of thirty-two longitudinal rows of cells

and the inner of sixteen rows. These rows form sixteen groups,

[The Bulletin for February 1913 (.40: 43-96) was issued March 18.]
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each of which in cross section shows two cells of the outer layer

lying opposite one cell of the inner layer. One of the sixteen

teeth of the outer peristome arises in each group and is formed by
the deposition of longitudinal bands of thickening upon the

periclinal walls between the peristomial layers. These bands

taper to fine points from a broader base. The band deposited

by the two outer rows is of fairly uniform thickness throughout

and extends as a continuous layer across the thin radial and

transverse walls separating the cells. The band deposited by the

single inner row corresponds in position and in width with the one
just described and is of about the same thickness. Thickening is

deposited also upon the transverse walls separating the cells of

this row. Upon the disappearance of the portions of the walls

which have remained thin the teeth show their mature condition.

Each tooth bears upon its inner surface a series of transverse

ridges corresponding to the thickened transverse walls, while the

smooth outer surface shows the vestiges of the transverse and
radial walls, the latter appearing as a zigzag median line running
the entire length of the tooth. The delicate inner peristome is

formed by deposits of thickening upon the inner walls of the inner

peristomial layer. Toward the base the thickening is continuous,
but in the upper part it is in the form of isolated longitudinal

bands, definite in position and in number. At maturity the
continuous portion forms the basilar membrane of the peristome,
while the isolated bands form the segments and the cilia.

In the Haplolepideae the peristome is likewise derived from
two concentric layers of cells, but in this case each tooth is formed
by one row of outer cells and two rows of inner cells and therefore

shows the zigzag longitudinal line on the inner surface instead of

on the outer. In the opinion of Philibert ('88, p. 68), the single

peristome of this group is homologous with the inner peristome of

the«Diplolepideae. This being the case it is evident that the
large-celled inner peristomial layer in the Diplolepideae would be
homologous with the large-celled outer layer in the Haplolepideae.
The subject of the present study, Ceratodon purpureus, is a
characteristic member of the Haplolepideae, and many of the
features which the peristome shows, in development as well as in

structure, are undoubtedly common to other species of the group.
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The material, which was collected in the vicinity of New Haven,
Connecticut, was studied by means of microtome sections.

The mature peristome of Ceratodon purpureus has been

repeatedly described in taxonomic treatises, but a brief account

of its peculiarities will make the description of the development

more intelligible. It consists of sixteen teeth which arise from a

continuous basilar membrane. Each tooth is divided almost to

the base into two slender tapering branches, which show much the

same structure throughout their entire length (fig. 17, 18).

The outer portion of each branch forms a subcylindrical ridge,

distinctly contracted at its union with the inner portion, which

is broader and more flattened toward the base. Four or five

corresponding transverse ridges extend across the branches of

each tooth, being close together at the base but farther apart

toward the apex. They correspond with the transverse walls of

the outer peristomial layer. On the inner surface also vestiges of

transverse walls can be detected, but these are unaccompanied

by ridges (fig. 19, 24). Just above the basal undivided portion

of each tooth one or more of the transverse ridges extend across

from branch to branch, thus leaving median perforations (fig. 21).

The basal portion is especially thick and bears several crowded

transverse ridges, which in longitudinal section give the tooth a

serrated appearance (fig. 24). The entire surface of the teeth

is covered over with minute spicules. The basilar membrane of

the peristome is in the form of a hollow cylinder, sixteen cells in

circumference and three or four cells high, representing a part of

the outer peristomial layer. The thickened walls in this portion

of the peristome are smooth throughout.

The early development of the sporophyte in Ceratodon purpu-

reus was studied by Kienitz-Gerloff ('78, p. 42), who detected in

very young stages a two-sided apical cell cutting off two rows of

segments, just as in other members of the Eu-Bryales. Each of

these segments, as he further showed, soon became divided into

quadrants by an anticlinal wall and then underwent divisions

according to the so-called "Grundquadrat" or "fundamental

square" method described below. The embryonic development

of Ceratodon is discussed also by Goebel ('87, p. 178), but the most

complete account of the process is that published by Kuntzen

('12), who, however, pays but little attention to the peristome.
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The first developmental study of the peristome in Ceratodon

purpureus was made by Lantzius-Beninga ('50, p. 574), who com-

pared it with the peristome of Trichostomum tortile, now known as

Ditrichum tortile. In his figures of young transverse sections

('50, pi. 66, f. 40, 41) he indicated the two layers of cells

which give rise to the peristome but represented each layer as

being composed of sixteen cells, those of the inner layer alternating

with those of the outer. This was proved to be incorrect by
Kienitz-Gerloff ('78, p. 44), who stated that, while the outer layer

showed sixteen cells in section, the inner showed from twenty to

twenty-four cells and that normally two cells of the outer layer

bounded three cells of the inner. He showed further that the

peristome developed in the amphithecial portion of the sporophyte

and that the peristomial cells represented the fourth and fifth

layers from the outside except in the region of the operculum,
where they represented the third and fourth layers. The studies of

Lantzius-Beninga and Kienitz-Gerloff have to do mainly with the

region where the peristome is formed and give but few details

about the actual development of the teeth, and the same thing is

true of most of the work which has been done upon the peristomes
of other Haplolepideae.

In the present paper the account of the peristome will be
divided into two parts. In the first the origin and development
of the two peristomial layers will be described ; in the second the
deposition of the thickenings which constitute the bulk of the
teeth will be considered.

Development of the peristomial layers
As earlier writers have pointed out, the divisions which take

place in the segments cut off from the apical cell of the young
sporophyte proceed with great regularity, whether the segment is

destined to form a part of the stalk or of one of the regions of the
capsule. This regularity is characteristic not only of an indi-

vidual species of the Bryales but of the group taken as a whole.
It has been recently emphasized by Kuntzen ('12) in the particular
case of Ceratodon purpureus and becomes strikingly evident
through the study of the operculum and peristome. The oper-
cular segments, like those which go to form the spore-case, are in
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the form of half-cylinders, which become divided into quadrants

by anticlinal walls. Cross sections through young sporophytes

just below the apical cell show this condition clearly (fig. 1,2).

It is in the quadrants that the division takes place according to

the "fundamental square" method. If transverse walls are left

out of consideration each quadrant divides by an anticlinal wall,

extending as a curved surface from one of the side walls to the

outside wall, into two cells (fig. 3), a smaller triangular cell (as

seen in section) and a larger four-sided cell. The latter soon

divides by a periclinal wall into an outer and an inner cell (fig. 4).

According to Kuntzen ('12, p. 19) the segments in the stalk

sometimes divide in the way just described and sometimes by

means of a periclinal wall followed by an anticlinal wall in the

outer of the two cells thus formed. In the spore-case he finds the

second method only but admits that perhaps the first method is

sometimes followed. In either case, after the rearrangement of

the walls, the cross section shows four inner cells, the "funda-

mental square," surrounded by eight outer cells. The inner

cells constitute the endothecium and the outer cells the am-

phithecium. A similar arrangement of the cells can be demon-

strated in the young sporophytes of most of the higher bryophytes.

In the next stage of development the amphithecial cells divide

by periclinal walls, thus giving rise to two layers of eight cells

each (fig. 5). The inner cells, shaded in the figure, will develop

into the inner peristomial layer. The corresponding layer in the

spore-case gives rise to the outer spore-sac. It is upon the

periclinal walls separating the two amphithecial layers that the

teeth of the future peristome will be deposited. Marked differ-

ences occur in the endothecium and amphithecium with respect

to the relative rate of cell division. In the region of the annulus

the inner peristomial layer completes its divisions before the

endothecium has passed beyond the four-celled stage. In the

region of the peristomial teeth the division may be simultaneous

or the endothecium may divide first. In the portion of the

operculum above the peristome the inner amphithecial layer never

passes beyond the eight-celled stage.

In the region of the teeth, after the stage shown in fig. 5,

the cells of the outer amphithecial layer divide by anticlinal walls,
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and in endotheciu

thus raising the number of cells in this layer to sixteen (fig. 6).

Each of the sixteen cells then divides by a periclinal wall so that

two layers of sixteen cells each are formed (fig. 7). The inner

layer represents the outer peristomial layer and undergoes no

further divisions. It will be noted that the eight pairs of cells

in this layer lie opposite the eight cells of the inner peristomial

layer. In the spore-case the layer homologous with the outer

peristomial layer gives rise to most of the photosynthetic tissue
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including the large intercellular space. The condition shown in

fig. 7 corresponds closely with figures by Kienitz-GerlofT ('78,

pi. 1, f. 25b) and Kuntzen ('12,/. 10), representing sections through

the spore-case. The eight cells of the inner peristomial layer

now proceed to divide in a very peculiar way. In each of these

cells an anticlinal wall appears (fig. 8), cutting off either to the

right or left a small cell from one fourth to one third as wide

as the parent cell. This is followed by a second anticlinal wall

cutting off a similar small cell on the other side of the parent

cell (fig. 9). In this way the inner layer becomes divided into

twenty-four cells, each group of three corresponding with one of

the pairs of cells in the outer layer. No further divisions are

undergone by these twenty-four cells. The arrangement of cells

just described seems to be even more constant than Kienitz-

Gerloff implies, since he states that the number of cells in the

inner layer may vary from twenty to twenty-four.

The endothecium and the peripheral layer of the amphithecium

play no direct part in the development of the peristome, and yet

an account of the cell divisions that take place in them will not be

wholly out of place. The divisions in the peripheral layer are

not altogether definite. After the sixteen-celled stage, still shown

in fig. 8, the cells divide by anticlinal and periclinal walls without

following a rigid sj'stem, adjacent cells often dividing in different

ways (fig. 10). In all cases, however, the final condition is

essentially the same, three concentric layers of cells being pro-

duced. The outermost layer is composed of (approximately) 128

cells, the middle layer of 64 cells, and the innermost of 32 cells.

In the region of the annulus, however, only two layers of cells are

formed, thus allowing for the extraordinary development of the

annular cells (fig. 13, 25, 26). The peripheral layers of cells

form the operculum, the external walls of the outermost layer

becoming strongly thickened.

The divisions in the endothecium of the opercular region are

essentially like those in the spore-case, as described and figured

by Kuntzen ('12). After the four-celled stage, shown in fig. 8,

division takes place according to the "fundamental square"

method, eight outer cells and four inner cells being thus formed

(fig. 9). The inner cells repeat this method of division (fig. 10),
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while the cells of the outer layer divide by anticlinal walls in a

more or less indefinite manner. When the capsule approaches

maturity the endothecial tissue within the peristome consists of a

relatively small number of large and thin-walled cells, this tissue

of course being the continuation of the columella and the sporog-

enous tissue in the spore-case.

While the segments have been undergoing the anticlinal and

periclinal divisions just described, divisions by transverse walls

have also occurred in the various layers. Apparently they occur

in a rather indefinite way and vary in different parts of the capsule

(see Kuntzen, '12, p. 22, etc.). In the peristomial layers trans-

verse walls are especially numerous toward the base and tend, in

this region at least, to be more numerous in the outer layer than

in the inner (fig. 13). Toward the apex they are more numerous
in the inner layer (fig. 12).

Deposition of the peristomial thickenings

The forty rows of cells taking part in the formation of the

peristome may be naturally divided into eight groups of five rows
each. In each group three rows of the inner peristomial layer

correspond with two rows of the outer layer. A cross section of

such a group before the deposition of thickening is shown in

fig. 11. A group gives rise to two teeth of the peristome and the

same processes are repeated in each group. The peristomial

cells, before the thickenings are laid down, contain dense cytoplasm
and small nuclei with several nucleoli but are usually without
vacuoles (fig. 11-13). In the upper part of the peristome,

where the teeth are divided into branches, eight regions of thicken-

ing can be distinguished in each group, the four of the outer layer

corresponding with the four of the inner layer. Two regions

belong to each cell of the outer layer and to the median cell of the

inner layer, while one region belongs to each lateral cell of the

inner layer. The thickening first makes its appearance in the

inner layer (fig. 14) but soon becomes evident in the outer layer

as well (fig. 15, 16). If two corresponding regions are regarded
as forming a single strand, each group will then form four strands,

representing the four branches of the two peristomial teeth.

The deposition of thickening begins in the basal portion of
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the peristome but follows essentially the same method throughout

the branches of the teeth. The portions of the strands deposited

by the inner peristomial cells are broader than those deposited

by the outer cells. They are therefore more conspicuous at first,

but become less so later on. This is due to the fact that the

inner portions of the strands develop to a slighter extent and in

thickness only, while the outer portions give rise to the thick
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subcylindrical ridges already noted in the mature teeth (fig. 17).

The differences between the inner and outer portions become less

and less marked toward the apices of the branches (fig. 18).

Upon the transverse walls in the outer peristomial layer thickenings

are also deposited. These are continuous with the thickenings on

the inner wall and give rise to the transverse ridges of the mature
teeth (fig. 19). In a young stage, seen in tangential section

(fig. 20), the transverse thickenings apparently broaden out the
• longitudinal ridges, and the

striking in an older tooth (fig. 21). Toward the base of the
branches the transverse ridges grow wider and wider until finally

some of them span the distance between the branches and coalesce,
thus forming a continuous ridge across the entire tooth. Below
this region the ridges are all continuous. If Philibert's ideas
regarding the homologies of the peristomial layers are accepted,
it becomes evident that the transverse ridges just described corre-
spond with those present on the inner surface of the outer peristome
in the Diplolepideae. In Ceratodon purpureus, however, the
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ridges become adherent to the inner walls of the peristomial layer

instead of to the outer walls, as is the case in the Diplolepideae.

In the lower part of a tooth the longitudinal ridges on the outside

also show an increase in thickness until they extend more than

half way across the cavities of the cells in which they are deposited

(fig. 22, on left). In the basal undivided portion of a tooth these

ridges finally coalesce and form a single broad ridge (fig. 22,

on right, 23), beyond which the transverse ridges project for only

a short distance (fig. 24, 25).

The thinner deposits of thickening formed by the inner per-

istomial cells gradually increase in width toward the base until

they finally meet and coalesce at the radial walls between the two

rows of cells (fig. 17, 22, 23). The vestiges of the radial walls

form a zigzag longitudinal line on the inner surface of the tooth,

and not on the outside as in the Diplolepideae. This line is of

course much shorter than in Funaria hygrometrica and Mnium

hornum, in which the teeth are not divided into branches. No
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transverse ridges are developed in the inner peristomial layer,

but the vestiges of the walls remain visible as fine lines.

When the strands of thickening have reached their full size,

the spicules of cell wall substance are deposited in immense number
over the entire surface (fig. 17-19, 21-25). Those formed by
the outer cells are considerably longer than those formed by the

inner cells, but all are exceedingly minute.

The cells which form the basilar membrane of the peristome

acquire thick walls also, but the deposits of thickening differ from
those which form the teeth. This is especially true of the outer

peristomial layer where the thickening extends almost evenly over

the inner walls, the radial walls, and the transverse walls but leaves

large pits on the outer walls (fig. 25, 26). In the inner per-

istomial layer the thickening is less pronounced and forms a con-

tinuous layer over the outer wall. Throughout this portion of the

peristome the surface of the thickening remains smooth, no
spicules being developed. The basilar membrane lies just within
the large cells of the annulus (fig. 25).

Soon after the spicules have been deposited upon the teeth
the peristomial cells dry up, the thin parts of the walls shrivel

away and disappear, and the teeth become free. In the basilar

membrane the pits in the outer wall now appear as perforations.
At the same time the operculum becomes separated, and the
endothecial tissues disintegrate. The finer structure of the
mature peristome and the hygroscopic movements which it

executes are fully described by Steinbrinck ('97).

Summary
The original amphithecium, showing eight cells in cross

section, divides by periclinal walls into an inner and an outer
layer.

The inner peristomial layer develops from the inner amphi-
thecial layer, undergoing division by anticlinal walls until it is

composed of twenty-four longitudinal rows of cells.

The outer peristomial layer develops from sixteen longitudinal
rows of cells cut off by periclinal walls from the outer amphithecial
layer, after its eight rows have been divided by anticlinal walls;
the outer peristomial layer undergoes no further divisions by
anticlinal walls.
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Ridges of thickening, representing the future teeth, are laid

down upon the periclinal walls between the two peristomial layers.

The cells of the peristomial layers form eight groups, each

composed of two rows of cells of the outer layer and three rows

of the inner layer. Each group gives rise to two teeth.

In the upper part of each group eight deposits of thickening

are laid down in four strands, representing the four branches of

the two teeth; in the lower part only two strands are formed,

representing the basal undivided portions of the teeth.

In the outer peristomial layer thickenings are deposited also

upon the transverse walls, representing the transverse ridges of

the teeth.

In the undivided basal portion of each tooth a fine median

longitudinal line on the inner surface represents the vestiges of the

radial walls between two rows of peristomial cells.

In the basilar membrane the thickening of the walls in the

outer peristomial layer is uniform except in case of the outer walls.

Yale University.
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A note on the significance of sugar ii

Solanum tuberosum

Sugar accumulates in the tubers of the potato during the rest

period when they are subjected to low temperatures, and, at least

this is the general opinion, at the time of germination. In other

words sugar develops at a time when the various vitalistic phe-

nomena are inactive and again when the life processes are pro-

ceeding actively.

I

During the rest period two factors influence the accumulation

of sugar in the tubers of the potato: temperature and oxygen

supply. Both these factors may act independently of one another

or additively. I shall, however, for convenience, consider them

separately.

Temperature

The effect of temperature on the accumulation of sugar in

potato tubers was studied years ago by Miiller-Thurgau* and,

as the results he obtained have not been disproved, I will simply

briefly review them, adding some data of my own in confirmation.

The belief is very tenaciously rooted in the popular mind that

a potato becomes sweet only when it is frozen. A frozen potato

never becomes sweet, moreover a potato does not freeze at o° C,
whence probably the origin of this notion. Potatoes, in fact,

may be stored at o° C. for a period of time without being injured,

Miiller-Thurgau having kept them at this temperature in some
of his experiments for as long as one hundred days.

Taking o° C, then, as the lowest temperature at which potatoes

may be safely stored, Miiller-Thurgau found that when the rates

of sugar accumulation at o° C, 3° C, and 6° C. were compared

Pflanzentheilen in Folge
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the following relation was approximately obtained, x being the

amount of sugar formed at o° C.

3-6
:3°C. and t6°C.

He also observed that individual potatoes of the same variety

showed marked variations in the rapidity with which sugar

accumulated in their tissues, but that if at o° C. sugar accumulated

in relatively small amount in the tubers of a given variety, then

no accumulation would occur at 6° C, and conversely, if sugar

was formed rapidly at o° C, then a temperature of 8° C. would be

usually necessary to effect the same result. At io° C. sugar never

accumulated.

The fact brought to light by Muller-Thurgau that different

varieties of potatoes exhibit differences in the rapidity of sugar

accumulation is readily confirmed, as the following table shows.

A^i=rf ****. Daily increase

o°:f

o."s 5

+o.o, 3

Rusty Rose

Muller-Thurgau found, taking his results for 3 C, as these

more nearly approach the average temperature at which the

potatoes were stored in the above experiment, that the daily

increase during a period of 30 days was 0.021 per cent, results which

are of the same order as those given in the above table.

According to Muller-Thurgau sugar does not accumulate in

resting potatoes when they are stored at a temperature of 8° C.
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It would also appear as if potatoes stored at 8°-io° C. not only

do not accumulate sugar but do not reconvert it into starch as

occurs at higher temperatures (this is Mtiller-Thurgau's view of

the matter), or dispose of it through respiratory activity. The

amount of sugar present in the potatoes when they are placed in

storage at this temperature suffers little change. This fact is

clearly shown in the following table

:

table II

V^v.fp.u.o "%££*
|

*.-*»<*. incase

0.15

0.53

0.43

38

+O.07

-TdMcCormick

When potatoes containing sugar are stored at 20 C. the sugar

gradually disappears due to increased respiration and recon-

version to starch (Miiller-Thurgau). However, if the potatoes

remain sufficiently long at 20 C. for germination to be initiated,

an increase in the sugar content is liable to take place. The
aberrant results in the following table may be accounted for on

these grounds.

TABLE III

Triumph
American Wonder.
Rural New Yorker.
Early Ohio
Early Rose
Red Alcohol
Rusty Rose
Blue Victor
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When potatoes containing sugar are placed at 20° C. respiration

immediately increases to a very marked extent, while in the case

of similar potatoes containing none or only traces of sugar the

increase is very slight. The respiration of the potatoes con-

taining sugar, while very rapid at first, reaches a maximum in one

and a half or two days, and then gradually decreases until it

becomes equal to that of potatoes containing little or no sugar.

;. i. (After ]

3 of sugar at 2

The results obtained by Muller-Thurgau are very striking and

are well illustrated in the above graph taken from his work.

(Fig. i.)

It is perfectly obvious that the respiratory activity of potatoes

<>.

is more influenced by the presence of sugar than by temperati

Sugar is essentially a limiting factor. This is well illustratec

the second graph (fig. 2), in which the respiratory activity
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potatoes stored at o° C, then at io° C, then at 20 C, and again

at io° C, is compared. It will be seen at once that when potatoes

were placed at io° C. respiration immediately increased, then

fell gradually until the potatoes were placed at 20° C, when it

rose again to the same maximum as before but decreased more
rapidly and, after being placed at io° C. again for a short while,

became almost equal to what it had been when the potatoes were

stored at o° C. It should be noted that the experiments just

recorded were begun after the potatoes had been kept for 28

days at o° C, i. e., the potatoes used were rich in sugar.

Muller-Thurgau believed that when potatoes containing sugar

were placed at 20 C. the sugar that disappeared was partly

used up in respiration, and partly reconverted to starch, as

the disappearance of the sugar could not be all accounted for

by the amount of carbon dioxide exhaled. In performing his

experiments Muller-Thurgau sliced his potatoes longitudinally,

using one half for immediate analysis and the other for analysis

at the end of the experiments. Under these conditions, even
when the proper corrections for loss of weight due to evaporation
are made, some of the sugar will undoubtedly go to the formation
of the suber produced along the cut surface, and not unlikely, the

increase in the percentage of starch obtained was due to the

hydration of the cellulose that had been recently or was being
laid down. The question, however, is deserving of further study.

Oxygen
We have seen that during the rest period sugar may be made

to accumulate in potatoes by storing the tubers at temperatures
varying between o° C. and 6° C, but that at 8°-io° C. the amount
of sugar (when any was present) remained stationary. The
relation of the oxygen supply to the accumulation of sugar in

potatoes therefore may be studied conveniently at 8°-io° C. In
the experiment which I have performed on this subject I used the
Sir Walter Raleigh variety of potato and the tubers were placed
in tubulated bell jars of the usual pattern:

Bell jar no. 1 contained 1,934 grams of potatoes, and the

tubules were stopped with cotton, thus allowing a free diffusion
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Bell jar no. 2 contained 1,936 grams of potatoes and was
connected with a water siphon by means of which approximately

8 per cent of the volume of the contained air was renewed daily.

Bell jar no. 3 contained 1,897 grams of potatoes and was
connected with a water siphon by means of which approximately

0.8 per cent of the volume of the contained air was renewed daily.

Within a few days the air in all the bell jars became saturated

with water vapor. The experiment was discontinued after 90

days, when the potatoes in the different bell jars were analyzed

and found to contain sugar as follows:

Bell jar no. 1, 0.09 per cent sugar; bell jar no. 2, 0.22 per cent

sugar; bell jar no. 3, 0.66 per cent sugar. The effect of reducing

the oxygen supply on the accumulation of sugar in potatoes is,

therefore, quite marked, though not nearly so notable as that of

low temperature.

II

The view is very generally held that sugar accumulates in

potatoes at the time of germination and that this accumulation is

essential thereto. According to de Vries* sugar begins to appear

in potatoes just prior to germination but before the buds show

any signs of growth. Resting potatoes, he says, contain for the

most part no sugar, its appearance indicating the initial stages of

germination. The sugar first appears in the neighborhood of the

eyes, more precisely in the parenchymatous tissue surrounding

the bundles leading to them. At first present in small amounts,

it soon increases in quantity, developing in all parts of the tubers.

During their early period of growth the shoots contain starch but

no sugar, though the tubers themselves are full of the latter, the

larger amount being in the medulla, the smaller in the cortex.

When the shoots are 8 mm. long sugar is found in them only in

isolated spots, but somewhat later it is generally distributed, and

this condition remains unchanged until they come through the

soil.

The accumulation of sugar in potatoes has not, however, as

regards germination, any particular physiological significance.

As in the case of resting potatoes the amount of sugar found in
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germinating tubers is greatly influenced by the milieu in which

germination takes place. Potatoes germinating at a relatively

low temperature contain more sugar than potatoes germinating

at relatively high temperatures, and potatoes germinating in soil

contain more sugar than those germinating in a cellar. Again,

the distribution of sugar in potatoes germinating in a cellar, for

instance, is irregular. All these facts clearly indicate that the

metabolism of germination is not concerned primarily in the

distribution or degree of accumulation of sugar.* I will give a few

examples in illustration.

Conditions favorable for germination are not necessarily

favorable for the accumulation of sugar. For instance, on the

26th of April, 191 2, I examined a number of Early Ohio potatoes,

and they contained as a rule no sugar (plate 2, fig. 6) though

the sprouts were replete with it. A sample of these potatoes was

placed in the ice compartment of an ice chest for 20 days, after

which the potatoes composing it contained sugar as indicated in

fig. 2, 5. At the same time similar potatoes from the cellar con-

tained sugar as indicated in fig. i and 4. It is worthy of note

that the potatoes stored in the ice chamber (fig. 2, 5) resembled

very closely the potatoes shown in fig. 7, as regards distribution

of the accumulated sugar. The distribution of sugar illustrated

by fig. 7 was rather common in stored potatoes during March,

191 1, which stored potatoes had been at no time subjected to a

temperature below 6° C. It is therefore clear that the low tem-

perature had not induced irregularities in metabolism.

A glance at the plate will also force upon one the conclusion

that the degree of germination has no effect upon the distribution

of sugar. Neither is there any connection between presence or

absence of sugar in the cortex with corresponding changes in the

medulla. The medulla may contain sugar even in large amounts
and the cortex give no reaction for it (fig. 3, 7); again the cortex

may contain sugar and the medulla be free from it (fig. i), though

such cases appear to be rarer than the former; again the cortex

* The distribution of sugar in potatoes can be followed by boiling thin slices of

cated by a yellow coloration and an abundance by a red coloration, various shades

of orange indicating intermediate amounts.
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may contain sugar in large amounts near the suber and be almost

free from it near the line of the medulla, which in turn may be
more or less replete with it. Conditions illustrated in fig. 2, 5, 9
are also not uncommon.

The distribution of sugar in germinating potatoes, considered

with reference to the budding eyes, is also worthy of note. If

one cuts longitudinal slices through potatoes in which the apical

buds alone have sprouted he will find almost invariably that there

is less sugar in the tubers immediately below the shoots than

elsewhere. The conditions illustrated in fig. 2, 5, 7, in which

the medulla colors orange in Fehling's solution except for small

areas beneath the insertion of the shoots and around the buds,

may be also observed.

Qualitative tests having indicated that in germinating potatoes

sugar occurred in less amounts near the apices than toward the

bases and having also given indications that the bases were

usually richer than the middle portions, I thought it would be well

to have these results confirmed by quantitative analyses. The
5 follows.

table IV

results obtained -\

Percent* e reducing sugar in potatoes

Variety Apical zone Middle zone Basal zone

Trace

None

•15

'o5

f
C™^

Early Ohio SingVt'uber

Early Ohio Single tuber.

Table iv confirms entirely the conclusions deducible from

qualitative tests. Potatoes contain little or no sugar near their

apices, sometimes nearly as much in their middle as in their basal

portions, and sometimes much more towards the base than in the

middle. It may be observed that Muller-Thurgau* found that

resting potatoes were richer in sugar at the base than at the apex,

and we have seen that this is generally true also of germinating

potatoes.
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The buds in potatoes tend to be more numerous around the

apices, and one would expect, therefore, that during the rest

period as well as at germination metabolic activity would be

greater in the apical portions. One of the consequences of this

increased activity in the apices of the resting potatoes would be a

lesser accumulation of sugar and the difference in the percentage

present, as one proceeded towards the base, would be the more

noticeable, the less ready the translocation of the sugar from one

part of the tubers to another: from the seats of lesser activity to

the seat of greater activity. The data given in table iv as well as

the qualitative results illustrated in plate 2 show rather definitely,

it seems to me, that there is little if any translocation from remote

to budding parts even in germinating potatoes. Were the trans-

location of sugar a normal and necessary function in the metab-

olism of germination, its distribution would be more regular and

constant; one would find a definite relation existing between cause

and effect. The distribution of sugar (when present) in germi-

nating and resting potatoes is not essentially different,* and it

would seem, therefore, that its appearance in quantity just before

or at germination should be ascribed, at least in part, to metabolic

changes induced by another agent, or other agencies.

Longitudinal section through Early Ohio from cellar, 16th

Longitudinal section through Early Ohio stored in ice ches

H2. Compare with fig. 1.

Longitudinal section through Rural New Yorker from cell

Longitudinal section through Early Ohio from cellar, 16th

Longitudinal section through Early Ohio stored in ice ches

1 1 2. Compare with fig. i.

Longitudinal section of Early Ohio from cellar, 26th April 1

Longitudinal section of Early Ohio from cellar, 8th March ]

Longitudinal section through Triumph from cellar, March i

Longitudinal section through Triumph from cellar, March i

I resting potatoes



Studies in the Agalinanae, a subtribe of the Rhinanthaceae *

Francis W. Pennell

I. Nomenclature of the nearctic genera

As here defined the Agalinanae constitute a subtribe of the

Buchnereae and include a group of closely allied genera, dis-

tinguished from Buchnera and its nearer allies only by the normally

developed two-celled anthers. These studies concern but a

section of this group, all American save for one doubtful record

from Madagascar, the genera listed by Von Wettstein in Die

Naturlichen Pflanzenfamilien as Esterhazya Mikan, Macranthera

Torr., Seymeria Pursh, Silvia Benth., and Gerardia Linn.

In this paper it is desired to place on a firm basis the nomen-

clature of the genera occurring in North America north of the

Mexican Boundary. This has not proved as easy as anticipated,

owing to a misunderstanding of a number of older genera, chief

among which is that of Gerardia itself.

This paper divides itself naturally into two portions, a history

of the genus Gerardia (Plumier) Linn., explaining the reason for

its rejection as a genus of the Rhinanthaceae, and a history of the

Rhinanthaceous genera proposed from time to time under which

our species of this group must now be placed. This paper con-

cludes with a summary of the nomenclature it is proposed to

follow in these studies.

In 1703 the French traveller and botanist, Charles Plumier,

a member of the religious order of the Minimi, published a work,

"Nova Plantarum Americanarum Genera," containing descrip-

tions of new genera observed during three voyages to America

from 1689 to 1697. One of these is the new genus Gerardia.

In this work, a volume of 52 pages of Latin text and 40 plates,

I find little mention of the portions of America visited, but in

the preface to the same author's "Description des Plantes de

L'Amerique " more information is given. He tells us that he went
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first as aid to M. Surian, charged with a commission from the

King of France to the Isles Antilles, "to make search of all that

Nature there produces most rare and most curious." During

the nearly ten years spent in the West Indies, he described, he

says, nearly six hundred different plants.

Gerardia is both described and figured. The description

reads:
—"Gerardia est plantae genus flore A monopetalo, perso-

nato, cujus labium superius surrectum est, subrotundum &
emarginatum, inferius vero in tres partes divisum, media bifida.

Ex calyce autem C surgit pistillum posticae floris parti B, ad

instar clavi infixum, quod deinde abit in fructum D oblongum,

gibbum, septo medio E, in duo loculamenta divisum, seminibusque

foetum orbicularibus F." Then follows the note,
—"Gerardiae

unicam speciem vidi. Gerardia humilis, Bugulae foliis, Asphodeli

The genus so founded by Plumier remained unaltered, and

very little known, till the first edition of the Species Plantarum

m 1753- Here Linnaeus took it up, and to Plumier's species

which he named Gerardia tuberosa, added four others, purpurea,

flava, pedicularia and glutinosa. It is evident, being the species

adopted by Linnaeus from the original author of the genus,

incidentally also being his first species listed, Gerardia tuberosa L.

must be considered the type of the genus Gerardia (Plumier)

Linnaeus.*

In addition to the striking feature indicated by the specific

name, tuberosa is characterized by Linnaeus as "Gerardia foliis

subovatis tomentosis repandis, longitudine caulis," points quite

at variance from those of his other species with which the name
Gerardia has come later to be exclusively associated. Yet Lin-

naeus' list of species, including tuberosa, with a few additions from

time to time, was copied successively from author to author—by
Buc'hoz (1778), Lamarck (1786), J. F. Gmelin (1791), etc., to

Willdenow (1800), and Persoon (1807). A few authors of this

period realized the incongruity of such treatment, and that

logically the name Gerardia should apply to tuberosa alone.

* Though worked out independently by the writer, this same conclusion was

reached a few months earlier by Dr. N. L. Britton. I am indebted to Dr. J- H.

Barnhart for reviewing and confirming 1
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First among these was evidently Walter. In his Flora Caro-

liniana (1788) so far as our North American species are concerned,

he relegates Gerardia to synonymy, and, not wishing to coin a

new name, places purpurea, flava and pedicularia in one of his

numerous genera called Anonymos.

In 1810 in treating Gerardia in Rees' Cyclopedia Sir James E.

Smith, after listing first Linnaeus' tuberosa, remarks upon its

identity being yet doubtful and suggests as a desideratum an

examination of its fruit. Then he makes this statement. "What-

ever might be the result of such examination this plant must

be the true though it were the only Gerardia, and the rest in

that case must have a new generic appellation and character."

This is the first definite assignment of a type species for the

genus.

As to the further history of Gerardia tuberosa L., after Sir J. E.

Smith I find no writer retaining this plant in the Rhinanthaceae.

In 1825 Sprengel interpreted it as a synonym of Ruellia rupestris

Swartz, an Acanthaceous plant, whence in 1847 it was carried

into the new genus Stenandrium of Nees, becoming a synonym of

Stenandrium rupestre (Swartz) Nees. If this identification be

correct Stenandrium Nees should become Gerardia (Plumier) L.

Though antedating the erection of Stenandrium into a genus, such

a change was actually made by Rafinesque in his Flora Telluriana

in 1838, where Gerardia tuberosa L., G. rupestris (Swartz) Raf.,

and G. scabrosa (Swartz) Raf. are cited.

In 1835 Bentham in his "Synopsis of the Gerardieae" discusses

the past history quite fully, definitely relegates G. tuberosa L.

to the Acanthaceae, and endorses the earlier selection, practically

made by Sprengel, of G. purpurea L. as the type. This view has

been mostly followed till the present day.

If Gerardia is properly an Acanthaceous genus what name is

to be applied to our familiar North American species commonly

so called?

Of the Linnaean species of this genus to be retained in the

Rhinanthaceae three were North American and one Chinese, the

latter however not proving a near ally of the others. Species

continued to be added from both hemispheres till as late as 1846

when in DeCandolle's Prodromus Bentham finally separated the
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series into a number of definitely restricted New World and Old

World genera. The Old World genera differ from the New in

more points than were realized at that time, so may be definitely

dismissed from the present discussion.

After Linnaeus' time the first new names proposed were in

1788 Walter's two genera both named Anonymos. These were

well characterized ; the one might be typified by Gerardia purpurea

L., the other by a new species Anonymos cassioides Walt. Of

course the name—or confession of the lack of a name

—

Anonymos,

has no value in nomenclature.

In 1 791 J. F. Gmelin, reviewing Walter's work, returned his

first Anonymos to Gerardia, but maintained his second Anonymos

as a new genus Afzelia. Anonymos cassioides Walt, became

Afzelia cassioides (Walt.) J. F. Gmel. This genus also was by

later authors returned to Gerardia, and when in 18 14 Pursh became

convinced of its generic distinctness, finding the name Afzelia

meantime applied to a genus of the Caesalpiniaceae, he renamed

the genus Seymeria. Afzelia J. F. Gmel. was restored by Kuntze

in 1 89 1. The genus to which this name is applied is a definite,

natural group of Mexico and the southern coastal plain region

of the United States.

The next generic description in this group is in 1794 that of

Virgularia described by Ruiz and Pavon from Peru, and based

upon their V. lanceolata, the specific description of which did

not appear till 1798. Though loath with limited material to

enter upon any discussion of the South American species of this

group, it is necessary to attempt to decide whether this genus

can be distinguished from those later proposed to include our

North American species.

In the differential characters pointed out by Ruiz and Pavon

I find, I confess, little that is convincing. The description of a

bifid stigma is surely remarkable, but as no later observer has

recorded such a structure in this or in any other South American

species of this group, there is doubtless here some error. Also the

characters depended upon by Martius (1829) have been shown by

Bentham (1835) to be untrustworthy. Since 1835 the name
Virgularia has been considered a synonym of Gerardia L. Yet

an inspection of the species of Virgularia will, I think, show us
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sufficient points of contrast. The material before me is all

Bolivian,* but may be safely assigned to this genus.

In Virgularia the plant is shrubby, and for our purpose is

best distinguished by its tubular, fleshy corolla, mostly red (or

some allied shade), after flowering somewhat persistent, shriveling

and only tardily falling. These characters appear again, at least

in greater part, in the Brazilian Esterhazya Mikan, and in our

North American Macranthera Torr. (to be mentioned later), and

seem to indicate a sharp distinction between these three genera

and the remainder. Virgularia is to be held as a natural, well-

marked genus of western South America.

The remainder of this paper will deal strictly with the species

of the United States, no other generic name having been proposed

from Tropical or South America which can affect the nomen-

clature of our species. Yet it must be remembered that a or the

great center of this group lies in South America, and no complete

understanding of the inter-relationship of the whole can be gained

till the species there are studied. Such study is deferred.

The next name that could concern us is in a work descriptive

of fruits, Chytra Gaertn. 61., 1805. As only the fruit is shown,

and that does not seem conclusive—and as no native country

whatever is given—this plant may be left permanently as un-

identifiable. Such a solution is suggested by Gaertner's specific

name anomala. Yet it must be recognized that his figure shows

a decided resemblance to a "Gerardia" capsule.

In 1 819 Rafinesque descrided a yellow-flowered, coarse,

lanceolate-leaved plant from Western Kentucky, under a new

genus, Dasistoma. His description is clear and good, and

leaves no doubt that his plant was the one described one year

previously (1818) as Seymeria macrophylla Nutt. Rafinesque

speaks of a short corolla-tube, rotate, 5-lobed limb, 4 nearly equa

stamens, short filaments, glabrous anthers, short, cylindrical

style, thick, obtuse stigma,—excellent diagnostic characters for

macrophylla, but all impossible for Dasistoma (spelled Dasystoma)

as taken up in 1846 by Bentham, and followed in later works.

Dasistoma was based upon D. aurea Raf. (18 19), antedated by

Seymeria macrophylla Nutt. (181 8), so the combination becomes

* Bang l88 , 730 , 2530, 2854TBuchUen 129, 789; B»sby 1077. 1078. 1080, to8i.
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D. macrophylla (Nutt.) Raf. (1837). Seymeria macrophylla Nutt.

was in 1846 made the basis of a section Brachygyne Benth.,

which in 1903 was raised to a genus Brachygyne (Benth.) Small,

identical with the older Dasistoma Raf. The genus is monotypic.
In 1834 Nuttall described a new genus Conradia based upon

a large and showy plant, specimens of which he had seen in the

herbarium of the Philadelphia Academy of Natural Sciences.

His name Conradia was antedated by Conradia Raf. (1825), and
by Conradia Mart. (1829), so in 1835, in the account of the plants

of Drummond's collection, the name was changed to Macranthera.
Though this series of articles in the Companion to the Botanical
Magazine was mostly the work of the editor, Sir W. J. Hooker,
Bentham is to be credited for this genus. In the original descrip-

tion Le Conte's and Bentham's names were both cited after the

genus, but in a later article during the same year Bentham tells

us Macranthera was a manuscript name used by Dr. Torrey in

communicating the plant to Dr. Lindley. Doubtless because
the collector of the plant in Torrey's herbarium (however described
two years later as a second species) Le Conte was mentioned,
so with Bentham's explanation Torrey's name may be con-
nected with the plant in question. Conradia Nutt. was based
upon C. fuschioides Nutt., the spelling of which was corrected
to fuchsioides in the combination Macranthera fuchsioides (Nutt.)
Benth. However, as this plant had been previously described by
William Bartram in his Travels (1791) as Gerardia fiammea, this

species must become Macranthera fiammea (Bartram) Pennell
comb. nov.

In 1835 Bentham reviewed this tribe, adding no new generic
names, but systematizing and coordinating the whole, and with
another revision in 1846 giving the outline which has been mostly
adopted since.

In 1837 Rafinesque undertook the special elaboration of this

group in his New Flora of America, adding several new generic

names, not giving us a very satisfactory or coordinated treatment,
yet showing nevertheless a surprising insight into the group.
As I have already had to refer to several of his names, as he
proposed a number of genera which must be adopted, and as since

his time no new genera have been proposed which he had not
already denned, it will be well to go carefully over his treatment.
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In the first place, as already recounted, he definitely carried

out Sir J. E. Smith's suggestion, and transferred Gerardia as a

valid genus to the Acanthaceae.

Our Rhinanthaceous species, Gerardia of authors and its

near allies, he placed in about eight genera, two of which, Macran-

thera "Torn" Benth. and Seymeria Pursh, were adopted from

other authors, and one, Dasistoma, was, as shown above, an

earlier genus of his own.

His first genus was Aureolaria, created to include the large,

perennial, broad-leaved species, and based upon the current

interpretation of Gerardia flava L. As his Dasistoma has been

wrongly applied to this group, this first name becomes the correct

one for these plants. As Gerardia flava L., both by description

and the specimen in the Linnaean herbarium, is synonymous

with Rhinanthus virginicus L., the type-species of the present

genus—our pubescent eastern plant—must be known by the

name here given it, Aureolaria villosa Raf.

His second genus, doubtfully considered distinct from the last,

is nearly as uncertain to the present reviewer. Panctenis was

based upon Gerardia pgiicularia L. This species and a few close

allies agree with Aureolaria in broad leaves, yellow flowers, and

awned anthers, but their points of disagreement are equally

striking. The annual habit of Panctenis, its corolla pubescent

without, its wingless seeds, constitute several points of difference.

I prefer to treat it as a subgenus of Aureolaria. The combination

Aureolaria pedicularia (L.) was made as a variant by Rafinesque.

His third genus, Agalinis, in point of numbers is the most

important of all. Based upon Agalinis palustris Raf., this genus

was designed to include all the slender, narrow-leaved, purple-

flowered plants, which Bentham later (1846) has treated as his

section Eugerardia, and recent writers have come to consider true

Gerardia. This is a large genus of both North and South America,

falling into a number of well-marked subgenera. The type of

the genus, Agalinis palustris Raf., is the prevalent plant of moist

ground, near marshes, from New England to Carolina, Rafinesque

correctly interpreting Gerardia purpurea L. as intended to include

all the purple species. However G. purpurea L. is to be typified

by the only Linnaean citation with a figure, Plukenet's "Digitalis
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virginiana rubra, foliis et facie antirrhini vulgaris," which is

unquestionably the current interpretation of the species. Agalinis

palustris Raf. becomes Agalinis purpurea (L.) Pennell comb. nov.

In Tomanthera he placed, as T. lanceolata, a plant in his her-

barium collected in New Jersey by Dr. Cleaver, and cited the

species as occurring in Pennsylvania and Carolina. His plant

appears to have been undoubtedly Gerardia auriculata Michx.,

described in 1803 from the prairies of Illinois, his specimen being

quite small for the species. Possibly the leaves were abnormally

entire, or perhaps they were lobed at base and this feature over-

looked. His notice of the rarity of the plant is interesting,

agreeing with Dr. Darlington and more recent observers of its

sporadic occurrence in the East. With T. lanceolata he correctly

but doubtfully associated Gerardia auriculata Michx., though

incorrectly as a distinct species. The genus Tomanthera, including

two species as now understood, is accordingly based upon T.

auriculata (Michx.) Raf. In 1835 Bentham had based his section

Otophylla upon Gerardia auriculata Michx., in 1846 raising this

to a genus of the same name. Otophylla Benth. (1846) therefore

becomes a synonym of Tomanthera Raf. (1837).

His Dasistoma of 1819 was here continued, and, as above shown,

Seymeria macrophylla Nutt. was identified with it, though as a

distinct species. The name Dasistoma was here spelled Dasistema,

and D. aurea of 1819 was changed to D. auriculata.

Seymeria he adopted unaltered from Pursh.

A genus Ovostima was described based upon one species

0. petiolata from Florida or Alabama. From the description of

the plant, the large smooth corolla, bicuspidate anthers, etc.,

I believe the plant to have been an Aureolaria, though the descrip-

tion of the flower as white is surprising. In Aureolaria the

corolla is fleshy and blackens in drying, not thin and apparently

white or very pale ochroleucous as described for Ovostima. The

plant is left as of doubtful identity.

Macr-anthera was adopted from Bentham, and for the two

species that had then been published, M. fuchsioides (Nutt.)

Benth. and M. Lecontei Torn, he proposed two additional generic

names, Toxopus and Tomilix. As M. Lecontei Torr. appears not

to have been published till 1837 there is sufficient evidence that
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the date on the title page, 1836, is not the date of this volume of

Rafinesque's work. Macranthera fuchsioides (Nutt.) was yet

again described by Rafinesque as Russelia flammea based upon

Bartram's incidental description of the plant in his Travels as

Gerardia flammea, and the suggestion made that it is possibly to

be considered as a new genus Flamaria.

An earlier genus of Rafinesque's, Pagesia (181 7), reproduced

in the New Flora, has been attributed by various authors to

Dasystoma or Gerardia, but certainly does not belong here. Can

Pagesia leucantha Raf. be identified with Mecardonia acuminata

(Walt.) Small?

Finally the genus Dasanthera Raf., under which in the New
Flora he placed Gerardia cuneifolia Pursh and G. fruticosa Pursh,

has no close affinity with this group, nor even harmony within

itself. One species, G. cuneifolia, had been already identified by

Bentham (1835) as Gratiola acuminata Walt, (cited as Ell.), so by

synonomy would be Mecardonia acuminata (Walt.) Small; the

other, G. fruticosa, by the same author in 1835 was considered a

Pentstemon, in 1846 as his P. Lewisii, a name which Greene (1892)

has changed to P . fruticosus (Pursh).

Since 1836 there have been but two new generic names proposed

for Nearctic species of this group, Otophylla Benth. (1846), and

Brachygyne (Benth.) Small (1903), both of which are antedated

by names of Rafinesque's. The present writer has none to add

to the sufficient number already published.

A summary of the Nearctic genera of this group, with the type

species for each, would be:

Afzelia J. F. Gmel.; Linn. Syst. Nat. ed. 13. 927- W-
—Anonymos cassioides Walt.

—Seymeria Pursh, Fl. Amer. Sept. 736. 1814-

—Anonymos cassioides Walt.

Dasistoma Raf. Journ. de Phys. 89: 99- i 8l 9-

—Dasistoma aurea Raf. ( = Seymeria mac-

rophylla Nutt.).

—Brachygyne (Benth.) Small, FI. S. E. U. S. 1073. 1903.

—Seymeria macrophylla Nutt.

Macranthera "Torr."; Benth. in Hook. Comp. Bot. Mag. 1:

174- 1835-
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—Conradia fuchsioides Nutt. ( = Gerardia

flammea Bartram).

—Conradia Nutt. Jour. Acad. Nat. Sci. Phila. 7: 88. 1834

[not Conradia Raf. Neog. 3. 1825; nor Conradia Mart.

Nov. Gen. et Sp. 3 : 38. 1829].

—Conradia fuchsioides Nutt.

—Flamaria Raf. New Flor. Amer. 2: 71. 1837.

—Gerardia flammea Bartram.

—Toxopus Raf. New Flor. Amer. 2: 71. 1837.

—Macranthera Lecontei Torr.

—Tomilix Raf. New Flor. Amer. 2: 72. 1837.—Conradia fuchsioides Nutt.

Aureolaria Raf. New Flor. Amer. 2: 58. 1837.

—Aureolaria villosa Raf.

—Panctenis Raf. New Flor. Amer. 2: 60. 1837.

—Gerardia pedicularia L.

(?)—Ovostima Raf. New Flor. Amer. 2: 70. 1837.

—Ovostima petiolata Raf.

Agalinis Raf. New Flor. Amer. 2: 61. 1837.

—Agalinis palustris Raf. (= Gerardia pur-

purea L.).

Tomanthera Raf. New Flor. Amer. 2: 65. 1837.

—Tomanthera lanceolata Raf. (= Gerardia

auriculata Michx.).

—Otophylla Benth. in DC. Prodr. 10: 512. 1846.

—Gerardia auriculata Michx.
University of Pennsylvania.
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The discovery of sexual cell fusions in the rusts has given a
great impetus to the investigation of the origin of the binucleated
cells in the Basidiomycetes. It made clear that cell fusions

without immediate nuclear fusions are possible and may result

in an undoubted sporophyte with binucleated cells. An added
importance is also given to the study of the nuclear divisions in

the basidium as the stage at which chromosome reduction takes

Since the appearance of Brefeld's familiar observations on the

origin of the carpophore of Coprinns stercorarius, it may be

regarded as established that no specialized sex organs are necessary

for the initiation of the development which leads to the formation

of basidia. Brefeld (1876-77) grew the mycelium of this fungus

from spores on dung decoction and described and figured two

methods of carpophore formation without finding any structures

visibly differentiated as sexual organs. He found that the

carpophore might have its origin in a single mycelial thread or from

a sclerotium, depending on the condition of the culture medium.

Brefeld's results seemed for a time to settle the question as to the

existence of any form of sexuality in the Basidiomycetes. The

question as to the significance of the hyphal fusions in the my-
celium, however, still remained open. Two types of fusions

between hyphae in the Basidiomycetes have been long known,

[The Bulletin for March 1913 (40: 97-136. pi. 2) was issued April 7.]
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first the so-called clamp connections and second, the ordinary

hyphal anastomoses. Such fusions are, however, well known in

other groups of fungi with normal sexual reproduction and the

possibility that they may have sexual significance in the Basidio-

mycetes seems remote.

Hoffman (1856) was the first to figure the clamp connections

between hyphal cells. He clearly described the slender tube

joining two adjacent cells just outside their common cross wall

and gave the name "Schnallenzellen" or clamp connections to

these delicate structures. Brefeld emphasized the fact that

clamp connections are not permanently open, for shortly after

the tube buds out, a wall appears cutting it off from the cell from

which it arose. Eventually, he claims, a second wall is formed

separating the clamps entirely from each of the cells which it

joins. The cell which puts out the clamp connection is always

the one on the apical side of the transverse wall. Harper (1902)

does not agree with Brefeld on the point that the fusion tube is

cut off from both cells which it joins and interprets the clamps

as a means of interchange of food stuffs.

Lyman (1907) finds clamp connections arising very early.

In one species, Corticium roseo-pallens, clamp connections are

found in the germ tubes, while in Corticium subgiganteum no

clamps at all are produced. Lyman studied artificial cultures of

75 species of Thelephoraceae, Hydnaceae, and Polyporaceae and

finds accessory reproductive bodies, such as oidia in Daedalea

unicolor, Lenzites betulina, Polyporusfumosus, Polystictus conchifer,

Polystictus versicolor, and in Corticium alutaceum; and chlamy-

dospores in Lentodium squamulosum, Porta incrustans, Radulum
tomentosum, two species of Hydnum and one of Phlebia, Corticium

vagum, C. effuscatum, and Michenera artocreas. Bulbils composed of

a mass of hyphae were found in cultures of Corticium alutaceum.

It would be extremely interesting, in view of the early origin of

binucleated cells in the mycelium of many species, to know the

number of nuclei in each of these types of asexual spores as an

indication of whether they are to be reckoned with the gameto-

phyte or sporophyte generation.

It has been the common view that clamp connections and

hyphal anastomoses have to do with food transportation etc.
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R. Hartig (1885) however believed that such cell unions resemble

a sexual act and he compared these phenomena with the fusions

in the Conjugatae. He traced the development of Merulius

lacrymans from spore to spore and describes hyphal anastomoses

and clamp connections as common in its mycelium and crustlike

carpophore. Meyer (1 896-1 902) describes the formation of

hyphal anastomoses in Hypomyces rosellus. He states that

when one hyphal cell comes in contact with another a fusion may

take place. The walls at the point of contact disappear and the

protoplasm of the two unite. Soon afterward a new wall is

formed which only incompletely separates the two cells. Meyer

believes that the fusions of hyphae by anastomoses, involving the

fusion of plasms not closely related, may have the same effect

as cytoplasmic fusion in a normal fertilization. In view of the

well established fusions found in the rusts, Voss' claim (1903) that

clamp connections and hyphal anastomoses are also present in

this group has considerable interest. His observations, so far

however, have not been confirmed.

Ordinary pit connections for the transfer of food materials are

undoubtedly present in the cross walls of the hyphae of all the

higher fungi. Strasburger, 1884, maintains for Agaricus campes-

tris, that the cells in the stipe show so-called protoplasmic con-

Miss Wakefield's (1909) observations on the conditions

governing the production of the carpophore in Schizophyllum

commune and Stereum purpureuni are quite in harmony with the

view that the origin of the carpophore in the Hymenomycetes

is in no way associated with a sexual act. She finds that the

production of carpophores depends upon the rate of transpiration.

Thus carpophores are produced when transpiration is slow while

none are formed when evaporation is too rapid.

The determination of the number of nuclei in the hyphal

cells and the more exact study of their behavior has led to quite

new conceptions as to the presence of sex in the Basidiomycetes.

De Bary (1866) first observed the nucleus of the basidium in

Corticium amorphum. Strasburger (1884) using alcohol and alum

haematoxylin was able to demonstrate, beyond a doubt, that

there are nuclei in the hyphal cells of Psalliota campestris and in
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the basidium of Russula rubra, and Rosenvinge (1887) extended

this conclusion to thirty-five species of Basidiomycetes. Rosen

(1892) working on material from Lepiota mucida first observed

nuclear fusions in the basidium. He concluded, however, that

the secondary nucleus of the basidium resulted from the fusion

of six or eight nuclei coming from the hyphae of the lamellae.

Wager (1893-4-9) gave us the basis for most of our present

day conceptions of the nuclear phenomena in the basidium.

He followed Rosen in the conception that more than two nuclei

may fuse in the formation of the secondary nucleus of the basidium

(see table, p. 164). He even suggests the probability of a number
of nuclear fusions occurring before the primary nuclei pass into

the basidium. Wager observed that in the fusion of the nuclei

their chromatic reticula become intermingled and that the nucle-

oles finally fuse. He describes the nuclei of the basidium as

having the typical structures found in higher plants, such as,

chromatin, linin, differentially stained nucleoles, nuclear mem-
branes, etc. ; and was able to make out karyokinetic division

figures. How the spindle is formed Wager could not make out,

biut believes that it comes in some fashion from an archoplasmic

body. The chromosomes are six to eight in number.
Dangeard (1895) was the first to establish the fact that only

two nuclei fuse to form the secondary nucleus in the basidium of

Tremella mesenterica, Dacryomyces deliquescens, Calocera viscosa,

Craterellus sinuosus, Bovista plumbea, Nyctalis parasitica, Hydnum
repandum, and Polypoms versicolor. He was the first also to

affirm the sexual nature of this nuclear fusion in the basidium as

well as in the ascus, the teleutospore, and the spore of the smuts.

On these facts he bases his well-known doctrine that the Usti-

lagineae, Uredineae, Basidiomycetes, and Ascomycetes have a

sexuality which is essentially equivalent to that of the higher

animals and plants. Dangeard claims that the young ascus, the

young basidium, the teleutospore, and the smut spore are oogones

and develop in one of the following ways. In the first case,

the egg germinates by producing a promycelial outgrowth which

produces sporidia endogenously as in the ascus, or exogenously

as on the promycelium of the teleutospore and smut spore. In

the second case the egg becomes segmented into a number of
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parts, by transverse or vertical walls, as in the Protobasidio-

mycetes. In the last case the egg neither divides nor becomes

elongated but produces sporidia on sterigmata.

In Tremella Genistae, Dacryomyces chrysocomus, D. deliquescens t

and Polyporus annosus, Istvanffi (1895) claims that there is no

nuclear fusion in the basidium. He further observed that there

are two generations of spores formed on the basidia of Dacryomyces

chrysocomus and D. deliquescens. On this point he has been con-

firmed by both Juel and Maire, while Dangeard holds that in these

forms the secondary nucleus divides only once and only one

generation of spores is formed. Istvanffi also describes the

formation of two generations of spores from the basidia of Hyd-

nangium carneum. He also found uninucleated oidia and chlamy-

dospores in Nyctalis asterophora, Psathyra spadiceo-grisea, Stro-

pharia melasperma, Galera tenera, and Collybia tuberosa, which

would suggest the existence of a fairly long gametophytic stage,

which is capable of reproducing itself asexually in these forms.

In Merulius fugax he finds that the mycelium is not septate.

Juel (1898) points out that Brefeld's distinction between

Protobasidiomycetes and Autobasidiomycetes is supported by

cytological evidence since the long axis of the primary spindle

is either regularly parallel or perpendicular to the long axis of the

basidium in the two groups. My own observations as described

below do not show any such constancy in the position of the spindle

in the basidium of the Boleti. Juel finds from six to eight chromo-

somes, which vary in size, in the basidia oi Auricularia mesenterica,

and Exidia truncata.

Maire (1902), while he emphasizes the existence of an alternation

of generations in the Basidiomycetes, makes no contribution to the

solution of the question as to the point of origin of the sporophyte.

He claims that the cells of the stipe and pileus become multi-

nucleated (table, p. 164) by amitotic division. He found, however,

that the young mycelium of Coprinus radiatus has uninucleated,

cells and produces uninucleated oidia. He shows clearly that

the nuclear fusion in the basidium is not a true fecundation and

proposes to call it a "mixie," pointing out that the morphological

equivalent of sexual cell fusion must come at the origin of the

binucleated condition.
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The basidium is a spore mother cell and not an egg and the

nuclear fusion in it is associated with the phenomena of chromo-

some reduction. Maire describes and figures a synapsis stage

in the prophases of the first division and gives good figures of

centrosomes, polar asters, etc., in a number of forms. In Sclero-

derma vulgare he found a deeply staining granule on the wall of

the resting nucleus, which he believes to be a centrosome. As to

the number of chromosomes, Maire is plainly in error. His

figures showing two chromosomes are due to poor fixations and

the true chromosomes are undoubtedly shown in his prochromo-
somes. He first observed the appearance of cytoplasmic threads

connecting the nuclei and the sterigmata at the four-nucleated

stage of the basidia. He believes that the nuclei move into the

sterigmata by the contraction of the threads and thus finally reach

the spore. Maire observed this process of nuclear migration in

several agarics, a boletus, and a puff ball.

Maire also discovered the interesting and as yet unexplained

abnormalities of the basidia of Hygrophorus conicus and H.

ceraceus. Their subhymenial cells and young basidia are uninu-

cleated. The nucleus in the basidium, which is bisterigmatic,

divides, forming two nuclei which migrate into the spores. Oc-

casionally one of the nuclei in the basidium divides before entering

the spore, in this case the two nuclei migrate to one spore while

the undivided nucleus goes to the other spore where it divides.

In Clavaria rugosa and Cantharellus cinereus he observed as many
as three divisions of the secondary nucleus. In the latter species

a variable number of spores are formed, from one to five, irrespec-

tive of the number of nuclei.

The observations of Wager, Juel, and Maire, as to the ap-

pearance of the spindles, astral rays, centrosomes, etc., were con-

firmed in the main by Ruhland (1901). He describes the nuclear

phenomena in a number of Basidiomycetes (see table, p. 164). He

denies that four spores are ever formed on the basidium of Hyd-

nangium carneum, although the phenomena leading up to the

four-nucleated stage are quite regular. He claims that either one

or two spores may be formed. When two spores are formed two

nuclei pass into each. In case only one spore is formed all four

nuclei migrate into it.
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Strands connecting nuclei and sterigmata have been observed

also by Petri (1902) and Van Bambeke (1903). Petri holds

that these fibers are extensions of the nuclear membranes. He
counts five to six chromosomes in the first division ; Van Bambeke
agrees with Maire as to the number of chromosomes in the Basidio-

mycetes. Harper (1902) shows the presence of six to eight

chromosomes on the spindle of Hypochnus subtilis. In this

species he found all the cells of the thin filmy subhymenial layer

binucleated.

Miss Nichols (1904) finds binucleated cells in the rhizomorphs

of Hypholoma perplexum, Crepidotus, Cortiaum hlacino-fuscum,

Dictyophora duplicata, Poria, Pholiota praecox, Lepiota naucina

and Lycoperdon pyriforme, and holds that there is in Hypholoma

perplexum an uninterrupted series of binucleated cells from the

rhizomorphs through the stipe, pileus, trama, and subhymenium
to the basidium. The germ tubes from spores of this fungus and

nucleated; although binucleated cells were found in the mycelia

of Coprinus ephemerus twenty-four hours old.

Fries (191

1

1
) figures and describes synapsis, longitudinal

splitting of the spirem, spindles with centrosomes and astral rays

in the basidium of Nidularia pisiformis. He holds that on the

primary spindle six to eight chromosomes can be seen. In the

second division the chromosomes in the equatorial plate are four

in number while the number seen at the poles is but two. He
observed also the strands connecting the nuclei and sterigmata

and describes granules which he associates with centrosomes, on

the walls of the basidium at the points where the sterigmata are

to appear. Fries (191

1

2
) also confirms in toto Maire's observations

on the nuclear phenomena in Hygrophorus conicus and holds that

only one nucleus is found in the subhymenial cell and young

basidium. Kniep (191 1) grew the mycelium of Armillaria mellea

from spores in a gelatin medium, and reports that its mycelial

cells are uninucleated throughout. He figures basidia formed

directly from this uninucleated mycelium without the development

of a carpophore. Whether the bodies Kniep figures as basidia are

really these organs seems doubtful.

Recent investigators have devoted much attention to the
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nature and function of the cystidium, and Buller and Knoll have

ascribed to them hitherto unsuspected functions. Buller (1910)

as a result of elaborate studies concluded that the cystidia of the

Coprini act as props and emphasizes the importance of the inter-

lamellar spaces for the dispersal of the spores. In Inocybe astero-

phora Buller describes the cystidia as excreting a mucilaginous

substance. Patouillard (1887), Massee (1887, 1894, 1904, 1906),

Istvanffi (1896), Topin (1901), Maire (1910), and Demtlius

(191 1, 1912) hold that the cystidia are organs of excretion or are

in some way related to the functions of excretion. Maire (1910)

holds with Topin (1901) that the function of the cystidium varies

with the stage of its development. In its young stage the cystid-

ium is a storage organ of reserve food for the hymenium. Ulti-

mately the cystidium becomes an excretory organ. Massee

(1887) holds that the cystidia of the gill-bearing fungi are the

terminal cells of laticiferous vessels. Their contents escape

through a nipple-like filiform attentuation at the apex of the

cystidium. Miss Demelius (191 1, 1912) is of the opinion that

the cystidia serve to protect the fungus from the invasion of

insects. She emphasizes their variability in form, as in Collybia

radicata, which has spherical, spindle-shaped and finger-like cystidia

upon which excretion products may or may not appear.

Knoll (191 2) endeavors to prove that the cystidia are one-

celled hydathodes comparable to the active water-excreting cells

in the epidermis of the phanerogams. He maintains that trichom-

hydathodes, as he calls them, are also found on all parts of the

carpophore as well as in the hymenium. They are definitely

shaped cells having a slender foot and a much expanded middle

region while the upper part forms a sort of neck. The excretion

forms a spherical drop at the apex. The fluid excreted contains

a jelly which remains after the water has evaporated. Besides

water, Knoll believes that the. cystidia excrete by-products of

metabolism and so accounts for the appearance of crystals of

calcium oxalate on their tops. He also holds that the hydathodes

may have a protective function in the case of fungi with exposed

hymenial surfaces. For Knoll, the cystidia of the Coprini are

aberrant types whose true function remains obscure.
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Materials and methods

Spores of Pholiota praecox and numerous Boleti were collected

by placing the pilei on circular sheets of filter paper and covering

the whole with a bell jar. The spore prints were kept in sterilized

Petri dishes. Miss Ferguson's (1902) method of collecting spores

was also used. The Petri dishes with the spore prints were kept

in an ordinary refrigerator until needed. A great number of cul-

ture media were tried; among those which gave the best results

were string beans, and fresh horse manure prepared in a manner

similar to that described by Duggar (1901). Cherry agar was

prepared by boiling 250 gms. of fresh cherries in a liter of water.

The cherries on becoming soft were strained through a cheese

cloth and the skins, pits, and stalks were discarded. The juice of

the cherries was again boiled with 15-20 gms. of agar agar and the

decoction was then filtered and sterilized in an autoclave. Malt-

beef agar was made by adding 25 gms. of Loeflund's malt and

25 gms. of Liebig's beef extract to a liter of water. This was then

mixed with 15-20 gms. of dissolved agar agar and boiled and

neutralized with n/1000 NaOH. The solution was then filtered

and sterilized.

The spores germinated best in the malt-beef medium. In the

case of Pholiota praecox 65 per cent of the spores germinated in

this medium. Cherry and malt-beef agars were used for the

propagation of the mycelia of several Polypores. The cultures

were kept in dark boxes at temperatures varying from 23°-30° C.

The early stages of spore germination from cultures in Van

Tieghem's cells were killed and fixed to slides by a modification of

Harper's (1899) and Lutman's (1910) methods. The cover glass

on which the culture is grown is removed from the ring and a few

drops of the fixing solution are added. The cover glass with the

culture is then inverted over slides covered with a film of albumen

fixative and gently tapped till part of the drop falls on it. The

spores in the drop become fixed to the slide by the coagulation of

the albumen. The slide is then set aside till the liquid partly

evaporates. The preparation is hardened by pouring graded

alcohol over it, and it is then ready for staining. More fixing

solution may be added to the culture drop and the process repeated

till all the spores have been removed. A minimum of disturbance

of the delicate germ tubes is achieved by this method.
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Older mycelia of Pholiota praecox were obtained by sowing

the spores in Petri dishes partly filled with bean, cherry, or malt

agar. These were kept in the dark. After three days sufficient

growth results to make the fungus visible to the naked eye. The
cultures were then transferred to test tubes, from which subsequent

cultures were made.

Mycelia of Polyporus adustus, P. betulinus, P. destructor,

P. versicolor, Collybia velutipes, and Coniophora cerebella were

obtained in pure culture from the Association Internationale des

Botanistes. These were propagated by transferring small pieces

(2-5 mm. sq.) of the mycelium to Petri dishes with malt-beef,

cherry, and bean agars. To secure perfect penetration of the

fixative in the case of mycelia, the method described by Miss

Nichols (1904) was used.

Most of my material was collected in the vicinity of New
York City. A number of Boleti were also sent to me from Woods
Hole. In all, the carpophores of twenty-four species of Boleti and
three species of Polypores were studied. Of these Boletus granu-

lans, B. castaneus, B. albellus, B. versipellis, B. vermiculosus,

B. glabellus, B. chrysenteron, B. indecisus, and B. pallidus were
the more favorable for cytological work on the mature carpophore.

I have not succeeded in germinating the spores of any of the

Boleti.

Flemming's weaker solutions gave the best results, although
Merkel's, Juel's, and Bouin's gave fair fixations. Flemming's
triple stain was used. Heidenhain's iron haematoxylin also gave
favorable results.

To Prof. R. A. Harper, on whose advice this work was under-

taken, I wish to extend many thanks for his kind suggestions and
criticisms.

Spore germination and mycelia

As noted above, the question as to the origin of the binucleated

cells in the higher Basidiomycetes remains still unsettled. I find

that the spores of Pholiota praecox germinate readily and I have

studied the germ tubes and young mycelium with reference to

this question. Spores from spore prints, obtained in the manner
described above, were sown in Van Tieghem's cells with bean,

malt-beef, and dung decoctions.
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Within six hours, 20 to 30 per cent of the spores will germinate,

and in general, there seem to be only slight differences between

cultures kept in the dark and those exposed to the light. At the

end of twenty-four hours, however, 60 to 70 per cent of the spores

had germinated in malt-beef decoctions while only 40 to 50 per

cent had germinated in dung decoction. The spores of Pholiota

praecox in germinating do not swell or burst but push out a dense

globular bud at the apical end, opposite the point of attachment.

Germinating spores, at intervals ranging from six to twelve hours,

were transferred from the Van Tieghem cells to slides by the

modified stippling method, described above. They 'were then

stained with Flemming's triple stain. The globular bud that

first appears from the germinating spore is very dense and at

first contains no nuclei. It grows rapidly into an ordinary germ

tube and a nucleus appears in it, which is soon followed by another.

I have not seen nuclear division figures at this stage, but soon two,

four, and more nuclei can be found in the germ tube lying near the

spore. In cultures fifteen hours old (pl. 4, fig. i) the germ tubes

have branched and a large number of nuclei are present. The
main germ tube is an outgrowth of the initial globular bud which

is more or less permanent, and is still visible in older cultures.

The cytoplasm shows a reticulated structure with larger and more

or less numerous vacuoles. The nuclei are irregularly distributed

through the cytoplasm and show no definitely paired arrangement.

Few if any cross walls have been formed at this stage and the

hyphal cells are beyond question multinucleated. The nuclei

are very small, yet each one shows a distinct nuclear membrane,

and a red staining nucleole, while the chromatin is granular and

stains a faint blue. In the further growth of the hyphae up to

the forty-eight hour stage, new branches are formed from the

bulbous initial bud near the spore, as well as from the main germ

tube. Septa are still scarce in these stages; none are shown in

fig. 2, pl. 4. The diameter of the nuclei is nearly equal to that

of the hypha.

The lateral branches generally show several nuclei which are

similar in all respects to those in the main germ tube. The

cytoplasm is denser near the apical portion of the branches and

fewer vacuoles appear in this region. The cells up to the forty-

eight hour stage are all multinucleated.
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Malt-beef agar cultures sixty-eight hours old were imbedded

in paraffin and sectioned. The cultures were made directly by

sowing spores in Petri dishes or the spores were allowed to germi-

nate from twelve to twenty-four hours in the Van Tieghem cells

and were then transferred to Petri dishes. Both methods gave

satisfactory results. The mycelium reaches a diameter of a

centimeter on the surface of the agar within three days. Entire

masses of mycelium of this size, together with the agar, were cut

out and immersed in fixing solutions so as to disturb the hyphae as

little as possible. The hardening with alcohols must be very

carefully done. If dehydration is too rapid, the agar shrivels.

Considerable difficulty is encountered in staining such sections

since the agar as well as the fungus takes the stain. In using the

triple stain very short exposures and dilution of the orange G are

necessary. Sections of material three days old show both binu-

cleated and uninucleated cells making up the mycelium. Long

multinucleated cells are also found, which are the germ tubes of

spores that germinate late. Cultures of the same age do not all of

course show the same stage of development. The cytoplasm (pl.

4, fig. 3, 4) is less dense in these hyphae and stains better. The

vacuoles are large and extend across the entire width of the cells.

The structure of the nuclei in the uninucleated cells appears very

clearly (pl. 4, fig. 3). The chromatin is composed of delicate

strands distributed irregularly through the nuclear cavity. The

nuclei of the binucleated cells as shown in fig. 4, pl. 4, are smaller

but show the same structure as those in the uninucleated cells. In

cultures three days old, clamp connections and hyphal anastomoses

were first noticed. Lyman (1907) reports for Corticium roseo-

pallens that clamp connections may be found on germ tubes imme-

diately after spore germination. Cultures, from spores sown in

Petri dishes in malt-beef agar seven days old, make a layer of myce-

lium covering the entire surface of the agar. The mycelium from

such cultures shows considerable numbers of multinucleated cells.

Their cytoplasm is dense, the vacuoles are small and they resemble

the multinucleated cells in the younger cultures described. Binu-

cleated cells similar to those observed in cultures three days old

appear more frequently and uninucleated cells are also observed

occasionally. The latter are long and their cytoplasm shows large
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vacuoles. Clamp connections may be seen at one or both ends of

the cells and are very common. At this stage small concavo-con-

vex bodies on both sides of the cross walls of the hyphae appear.

These structures stain red with safranin and are dense, homogene-

ous bodies. They have been interpreted by Strasburger (1884),

Harper (1902), and others as indicating the presence of protoplas-

mic connections between the adjacent cells. Hyphal anasto-

moses, such as are described by R. Hartig (1885) and Meyer (1896,

1902), are also present.

For comparison, I have also studied the mycelium of Collybia

velutipes, which grows rapidly in malt-beef and cherry agar. Miss

Cool (191 2) and Biffen (1899) have both studied its mycelium.

I find that the cells of the mycelium are distinctly binucleated.

Narrower hyphae densely filled with cytoplasm were also found

in sections of this mycelium. The terminal portion of these fila-

ments becomes divided into uninucleated cells which give rise to

cylindrical uninucleated oidia similar to those described by Biffen

for the same species and Miss Nichols (1904) for Coprinus ephem-

eras. Clamp connections are regularly present and in thick

sections hyphal anastomoses can be also found.

The results thus obtained show in the germ tube and early

stages of mycelial growth that multinucleated cells predominate

in Pholiota praecox, while in cultures two to three days old, multi-

nucleated, binucleated and uninucleated cells are all present.

The multinucleated cells may belong to younger hyphae as-noted.

In older cultures binucleated cells mainly prevail although multi-

nucleated and uninucleated cells may be found. The origin of

the binucleated condition is not clear, but it is very apparent

that it appears early in the vegetative hyphae and persists through-

out the subsequent development of the mycelium and the carpo-

phore.

The cells of the mature mycelium of Collybia velutipes are all

binucleated and here the binucleated condition may be regarded

as fixed for the entire subsequent development, except as in the

case of the stipe or the pileus, where the nuclei may divide, forming

multinucleated cells.

Cultures of four species of Polypores obtained from the

Association Internationale des Botanistes were also studied. The
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species were Polyporus adustus, P. betulinus, P. destructor, and

P. versicolor. The first two and the last were also studied by

Miss Cool (1912). The material was propagated by transferring

small pieces (2-5 mm. sq.) of the mycelia from each culture to a

variety of agar media. Soft malt-beef and cherry agars proved

the most favorable. Parts of such mycelia were fixed in Flem-

ming's, Juel's, Bouin's, and Hermann's solutions but the most

favorable results were obtained with Flemming's weaker solutions.

Clamp connections are of course abundantly present in the cells

of these mycelia. I did not specially study the development of the

clamps, but it is plain that the mature clamp is not cut off from the

two cells which it joins, as Brefeld (1877) held for Coprinus ster-

corarius. Only one cross wall is formed separating the clamp

trom the cell from which it arose. In well stained preparations

hemispherical pads similar to those described above are visible

on both sides of this cross wall in the clamp. This perhaps indi-

cates only a partial closing up of the opening originally present

Similar pads may be seen also on the septa between many of the

hyphal cells (pl. 4, fig. 8). Hyphal anastomoses in these my-
celia are also common. The hyphae of these Polypores (pl.

;

fig. 5, 6) are made up of a series of regularly binucleated cells.

In the mycelium of Polyporus versicolor (pl. 4, fig. 8) ui

doubted uninucleated cells are also present but they are not con

mon
;
the mycelia in cultures of P. destructor and P. betulinus (pJ

4, fig. 7) may show non-nucleated cells which are joined to adjs

cent binucleated cells by hyphal anastomoses and clamps.

I have also studied the cells of Coniophora cerebella, also ob-

tained from the Association Internationale des Botanistes. They
are regularly binucleated; clamps and hyphal anastomoses are

also present.

It is plain that the binucleated condition is fixed in all these

forms long before they proceed to the formation of a carpophore.

My mycelial cultures all showed on their surfaces the familiar

appearance of droplets of water, varying in size from small glob-

ules 0.5 mm. in diameter, to large ones 10 mm. in diameter. The

small drops are countless while the large ones are relatively few.

Regarding Knoll's (1912) contention that many of the Basidio-

mycetes are provided with sp cial hair-like organs, trichome-hyda-
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thodes, for the excretion of water, I may note that my microscopic

sections of mycelia in the region where the water appears showed
no such specialized organs for its excretion. I found no differ-

entiated structure that could be possibly associated with such a

function and I am of the opinion that all the mycelial cells can

Carpophore and basidia of the Boleti

The carpophores of the Boleti because- of their soft fleshy

consistency and rapid growth are more favorable for cytological

study than the pilei of the Polypores. An abundance of material

of the common Boletus granulatus collected in the fall of 191

1

proved favorable for fixing and staining. A large number of other

forms were also studied for comparison. Pieces of the stipe,

pileus, ring,* and pores were fixed with Flemming's weaker solutions

and Merkel's mixture. Flemming's triple stain was used almost

exclusively although a number of preparations were stained with

Heidenhain's iron haematoxylin.

Longitudinal sections of all parts of the stipe, at, above, and

below the ring show it is composed of an undifferentiated mass of

interwoven hyphae. The hyphal cells toward the center of an

old stipe are more loosely interwoven as compared with those

near the periphery and form what Ruhland has appropriately

called a plectenchyma. The cells vary in diameter and present an

appearance in cross section similar to that figured by Harper

(1902) for Coprimes ephemerus, although the difference in diameter

is not quite so great. The cross walls show the so-called proto-

plasmic connections as figured by Strasburger (1884). Clamp

connections on hyphal anastomoses are entirely lacking. Many

cells in the plectenchyma are binucleated; the majority, however,

are multinucleated. The distribution of these cells is not regular

although there is a tendency for the cells in the center of the stipe

to become multinucleated early. According to Maire this multi-

nucleated condition is the result of an amitotic division of the two

original nuclei in the cell, though no one has conclusively proved

ii-tinguishable.
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the presence of such divisions. The cytoplasm in the cells of the

stipe contains very large vacuoles. The nuclei are comparatively

(pl. 4, fig. 9) large and have typically red-stained nucleoles and

blue chromatin. In very old stipes the comet-shaped nuclei-

figured by Ruhland also appear. The cell walls of the cells in the

ring are mucilaginous and these cells may branch. They are

regularly binucleated (pl. 4, fig. 10).

The upper surface of the semiglobular pileus of B. granulatus

is covered by a viscid layer of slime. The flesh is thick; the pores

are relatively short. Small cushion-like glandular bodies are

conspicuous about their mouths.

The flesh of the pileus is made up of a meshwork of inter-

twining hyphae with numerous air spaces. The cortical cells of

the cap are similar to those in the interior, but their walls are

gelatinous. In very old material the mucilaginous layer is very

thick and surrounds almost all of the cells down to the pores.

The cells of the flesh are short and are almost invariably binu-

cleated (pl. 5, fig. i i). I have found however a few cases of cells

with from three to four nuclei.

In old material of B. granulatus the trama, the subhymenium,

and the hymenium are very distinctly differentiated. The trama

is composed of bundles of long parallel hyphae. The straightest

filaments are found in the center, while toward the periphery they

become more interwoven. The terminal branches of the hyphae

of the trama may be traced directly into the subhymenium as is

well shown in B. vermiculosus, B. glabellus, and B. pallidus. The

cell walls are thick and gelatinous, and take a blue color with the

triple stain. Gelatinous material may also fill the intercellular

spaces. Two nuclei are found in every cell. Frequently in the

nuclei of the ring (pl. 4, fig. 10), flesh, and trama a darkly staining

granule is found on the nuclear membrane, to which the chromatin

of the nuclei seems to be attached. The position of this body

varies; it is sometimes found lying opposite the nucleole but

frequently it is near it. This body resembles the central body

described by Harper (1905), for the mycelial nuclei of the mildews.

The subhymenial cells are short and are binucleated. Their cell

walls do not become gelatinous, and their cross walls as also those

of the trama and flesh show the characteristic hemispherical pads
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described above. The basidium mother cells in B. granulatus are

formed as in all other cases by the division of the subhymenial

cells. I have not been able to find nuclear or cell division figures

at this stage. The mother cell divides and the outer cell of the

two may become either a cystidium or a basidium. Occasionally

the last nuclear division is not followed by a cell division in the

basidium mother cell of B. granulatus. A four-nucleated cell results

(pl. 6, fig. 45), which elongates and resembles a basidium. It is

however decidedly different in appearance from the four nucleated

basidium found in later stages. It is slender, more deeply seated

in the hymenium and the nuclei are arranged serially. The sub-

sequent behavior of such cells was not determined.

Paraphyses have been described as elements of the hymenium

since the latter part of the 18th century. According to Leveille

(1837) the term was first used by Montagne to signify a sterile

basidium, but in more recent years the function of "space maker"

has been attributed to them by de Bary (1887), Brefeld (1877),

Fayod (1889) and Buller (1910). It seems to me that in all cases

the paraphyses are really immature basidia; as is held also by

Miss Demelius, who believes that some of them, at least, are,

as she describes them, "derzeit nicht fertile Basidien." In the

Boleti a number of basidia in similarly advanced stages are fre-

quently found developing in close contact with each other.

The cystidia of the Boleti appear either singly or in clusters.

Such clustered cystidia are not uncommon, for Patouillard (1887),

Demelius (1912), and Knoll (1912) have also found them. In

B. granulatus such clusters are covered by a gelatinous excretion

and are visible, as noted above, as minute dark specks about the

mouths of the pores and over the surface of the hymenium. The

individual cystidium is club-shaped ; the entire cluster (pl. 7, fig.

12) forms a cushion-shaped mass. Cystidia in all stages of de-

velopment may be found in a single cluster. Fig. 12 "a," PL. 7,

shows very young cystidia which are approximately the size of the

mature basidia. Fig. 12 "b," 12 "c, " pl. 7, represent later stages

of their development. The young cystidium (pl. 5, fig. 13) shows

a dense granular cytoplasm, which is somewhat fibrillar in the

upper part of the cell; vacuoles are also present. The young

cystidium is regularly binucleated; the nuclei are in all essentials

similar to those found in the basidium.
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The subhymenial cell from which the cystidium arises is pro-

portionately larger and may be frequently traced back into a long

filament of binucleated cells in the trama (pl. 5, fig. 15). The cell

wall is slightly thickened (pl. 6, fig. 14) and is entirely covered by

the mucilaginous material referred to above. The evidence is clear

that the cystidia, in B. granulatus at least, are glandular structures.

The two nuclei are small in proportion to the volume of the cell

but the nucleo-cytoplasmic equilibrium is not disturbed since the

increase in the size of the cell is apparently due to an increase in

the metaplasmic substances which form the source of the material

that the cell excretes. The mucilaginous mass stains a faint orange

with the triple stain. The outer surface of the gelatinous mass

becomes dense and dark in color and ultimately forms a thin

pellicle over the entire gland (pl. 7, fig. 12). The formation of

mucilage does not take place through any specialized pore as

Massee (1887, 1904) holds, nor is it associated with any localized

region of the cystidium as Maire (1910) and Knoll (1912) contend,

but apparently takes place over the entire surface of the cystidial

cell. Later the cystidium begins to disintegrate. Its cytoplasm

shows large vacuoles. The nuclei also begin to show signs of

disintegration. The nuclear membrane becomes faint, the

nucleoles and chromatin lose their affinity for stains and soon

disappear. Subsequent stages show the cell wall shriveled and the

nuclei and cytoplasm entirely gone. Single flask-shaped cystidia

(pl. 8, fig. 60) are found in all the species of the Boleti I have

studied except B. granulatus. Their nuclei and cytoplasm are

essentially similar to those of B. granulatus. Tubular cystidia

are found in B. vermiculosus , B. albellus, and B. scaber. They are

long cylindrical binucleated cells filled with a granular cytoplasm

similar to that described for B. granulatus.

The nuclei of the basidia of the Boleti I have studied are quite

favorable for cytological study. The chromatin strands stain

blue and the nucleoles a bright ruby red, with the triple stain.

The nucleoles have about the same size relative to that of the

whole nucleus as they have in the higher plants. The cytoplasm

of the young basidium (pl. 8, fig. 46) is finely vacuolar and stains a

faint orange. With the growth of the basidium the nuclei (pl. 6,

fig. 16, 17) also increase in size. At the time of fusion their di-



Levine: Cytology of Hymenomycetes 155-

ameter is several times that of the nuclei in the subhymenium.

The fusion stages are abundant and easily studied . The chromatin

in the nuclei before fusion loses its reticulated structure and a

number of strands appear (pl. 5, fig. 70). The nuclei in fusing-

become appressed upon each other and the nuclear membranes

disappear in the region of contact. We have thus a two-lobed stage

(pl. 6, fig. 18) which lasts for some time, showing that the surface

tension does not operate to round out instantly the united masses

of the fusing pair as might be the case if they were merely vacuoles.

The nuclear membranes, however, form a continuous boundary

(pl. 8, fig. 47, 48) for the combined nuclear cavities and the con-

striction in the plane of fusion gradually disappears. The method

of union of the chromatin masses is not easy to make out. The

strands soon become mingled so as to be indistinguishable as to

their origin.

I am inclined to believe, however, that the union is nothing

more than the approximation of the chromatin strands bringing

them into close contact with each other side by side (pl. 8, fig. 46).

At any rate the chromatin masses from the primary nuclei become

so intermingled as to leave no visible evidence of their two-fold

origin at this stage. The nucleoles approach, come in contact

with each other, and eventually fuse (pl. 8, fig. 49), forming a

proportionately larger mass.

The basidium continues to grow and larger vacuoles appear

in its cytoplasm. The secondary nucleus lies in the center of

the basidium and goes through a resting period. At this stage

I have also observed a dense oval body which stains red, lying in

various positions in the basidia of Boletus granulatus, B. albellus, B.

versipellis, B. indecisus, and Strobilomyces strobilaceus. In B.

albellus, this body is sometimes found in the upper part of the

basidium. Radiating from it are long strands of kinoplasm. In

this species (pl. 7, fig. 61) and in B. granulatus I have also found

a similar structure lying between the basidium wall and the nu-

cleus. In B. versipellis the body lies near the nucleus and resembles

more or less the archoplasmic masses figured by Wager (1894) for

Mycena galericulata. I have not been able to connect this body

with the processes of nuclear division and I have no proof that, as

Wager holds, it is the origin of the centrosomes and karyokinetic
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The first division usually takes place in the upper part of the

basidium, although the prophase stages begin while the nucleus is

still near its center. The chromatin strands combine to form

a long slender thread which forms a more or less irregular coil fill-

ing the nuclear cavity. The chromatin filament may become quite

thick and thus resemble a post-synaptic spirem (pl. 6, fig. 19, 20;

pl. 7, fig. 71; pl. 8, fig. 50). I also found a parallelism of the

spirem strands which suggests splitting (pl.6,fig. 21). My figures

of these stages show a close resemblance to those of Fries (191

1

1
)

for Nidularia piriformis. The spirem now becomes segmented as

shown in fig. 22, pl. 6, and each segment soon becomes shorter and
denser. The number of these chromatic segments apparently varies

and it is very difficult to count them. During nuclear division

a large vacuole appears at the base of the basidium. The nu-

cleus moves toward the apex of the basidium and the spindle figure

appears. The nuclear membrane disintegrates and the chromo-
somes are found lying in a faintly blue-stained fibrillar spindle

whose axis is transverse to the longitudinal axis of the basidium
(pl. 6, fig. 23). The nucleole is found in the cytoplasm (pl. 8,

fig. 52, 53). In some of my preparations the nuclear membrane
and nucleole seem to have disappeared before or soon after the

spindle is formed, while in others both are present at the equa-

torial plate stage (pl. 8, fig. 51). The direction of the long axis

of the spindle in the division of the primary nucleus in the Boleti

does not always conform to the generally accepted view as em-
phasized by Juel (1897) and others. I found that while the

transverse position is common there are many cases in which the

primary spindle may be very decidedly inclined, at least seventy

degrees to the transverse axis of the basidium (pl. 7, fig. 62). I

have observed such cases in Boletus granulatus, B. chrysenteron,

B. badius, B. alutarius, and B. albellus. The poles of the spindle

end in small red-stained centrosomes from which long streaming

rays extend to the center of the basidium (pl. 8, fig. 51, 53)-

The appearance of the polar asters agrees well with that shown

by Maire (1902) for B. regius. The cones of astral rays as seen

in section resemble diminutive comet tails. The degree to which

the rays are developed depends upon the position of the pole in

the basidium. If the pole lies on the wall few or no rays are visible.
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Compare the astral rays in fig. 72, 73, pl. 6 and fig. 51, 53, pl. 8,

with those shown in fig. 24, 62, pl. 7 and fig. 58, pl. 8. Well-

developed polar asters are shown in my preparations of Boletus

castaneus, B. glabellas, B. vermiculosus, B. versipellis, B. chrys-

enteron, B. punctipes, B. griseus, B. subtomentosus , and B. cyanes-

The number of chromosomes is difficult to determine but in

favorable sections I have been able to count from six to eight.

They lie as shown by Wager (1894), Ruhland (1901), Juel (1897),

Harper (1902) and others in the center of the spindle although no

characteristically dense equatorial plate is formed (pl. 6, fig. 72,

73)-

The chromosomes are drawn to the poles and at the same

time the spindle elongates until its ends (pl. 6, fig. 25; pl. 8,

fig. 54, 55) touch the basidium wall. Astral rays may be still

seen radiating in all directions from the point of contact. The

chromosomes become densely aggregated at the poles. I have

been able, however, to see distinctly, in perfect fixations, as many
as five chromosomes just before they reached the poles (pl. 6,

fig. 25a). Undoubtedly the appearance of two chromosomes in

the equatorial plate and diaster stages, as reported by Maire (1902)

and Van Bambeke (1903), indicates fusion of the chromosomes due

to imperfect fixations.

In the reconstruction of the daughter nuclei, a nuclear mem-
brane is formed about the chromosomes. The latter begin to

stream out (pl. 6, fig. 26) forming a reticulated structure, and small

nucleoles appear. The resulting nuclei resemble in all respects

the mother nuclei. In fig. 56, pl. 8, the two daughter nuclei are

shown attached to the basidium wall. Faint astral rays are still

visible coming from the point of contact. The old nucleole may be

seen lying in the cytoplasm. This persistence of the kinoplasmic

rays is conspicuous, but they disappear before the second spindle

is formed. The two daughter nuclei prepare immediately for

the second division. The prophases are hard to study. I have

observed in Boletus versipellis, that the nucleoles come to lie on

the side of the nucleus toward the base of the basidium (pl. 8,

fig. 57) and pass out into the cytoplasm, after the disintegration

of the nuclear membrane. The spindles show centrosomes with
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long astral rays. I find that in B. versipellis also (pl. 8, fig. 58)

the two secondary spindles may be at an angle of about 10° to

the longitudinal axis of the basidium. In these division figures,

considerable variation is found in the angle formed by a transverse

axis of the basidium and the long axis of the spindle.

The nuclear membranes still persist at the equatorial plate

stage (pl. 8, fig. 59). In a polar view of the equatorial plate at

least four distinct chromosomes can be seen. In the diaster stage

however they are often seen as one or two masses (pl. 6, fig.

28, 29). I have been able, however, to demonstrate that at the

poles also there are more than two chromosomes, as is shown in fig.

27, pl. 6. The secondary spindles may become elongated until

the chromosome masses reach the wall of the basidium as in the

first division, suggesting that the kinoplasmic rays are attached to

the basidium wall and are pulling the chromosomes and centers

The young daughter nuclei grow rapidly in size (pl. 6, fig.

30, 31) and remain for some time attached to the basidium wall.

They then begin to move downward toward the base of the basid-

ium and it at once becomes evident that they are connected by

faintly stained strands with small granules which lie on the upper

wall of the basidium at the point from which they started (pl. 5,

FIG. 32) . The origin of these granules cannot be easily determined.

From their size, color reactions, and position in the basidium it ap-

pears that they probably may be the centrosomes, which became

fixed to the wall of the basidium in the process of division. The

position of the centrosomes on the upper part of the basidium

wall indicates the position of the future sterigmata.

According to Petri (1902) the strands are the stretched nuclear

membranes. I have been able to follow the development of these

structures. In the early stages of their movement the nuclei

resemble the beaked nuclei (pl. 6, fig. 33) found in the Ascomycetes

during the process of spore formation. As the main body of the

nucleus progresses farther from the cell wall the fibrils become

longer and thicker and resemble in all respects the strands figured

by Maire (1902) and Fries (191 1). I believe the fibrillar strand

possibly may be analogous to astral rays ; though as Petri suggests

they may be due to the pulling out of the nuclear membrane.
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At this stage I have also found another type of fibrils in the

cytoplasm. These latter run irregularly but in the main length-

wise of the basidium. It may be that they are indications of

cytoplasmic streaming.

As the sterigmata bud out (pl. 6, fig. 34, 35, 74) the centrosomes

and strands are carried upward; the centrosomes remaining at

the apex of the sterigma. In mature sterigmata (pl. 7, fig. 36, 78)

the granule lies at the apex and the nucleus is still attached to it by

the fibrillar strands. In this stage of development the four nuclei

are found at or below the middle of the basidium (pl. 5, fig. 37) but

do not show any indication of fusing as Wager holds for Stropharia

stercoraria. A small globular mass of cytoplasm, the spore initial,

now appears at the end of each sterigma (pl. 7, fig. 38). The
growth is rapid; later stages are shown in fig. 39, 40, pl. 7. On
the upper, inner surface of the spore wall the centrosome is still

visible (pl. 5, fig. 41) and from it the fibrillar strand passes down
through the sterigma to the nucleus in the basidium. It seems

that the centrosome marks the apex of growth for the spore as well

as for the sterigma. In the spores of B. castaneus (pl. 7, fig. 75)

a number of fibrils radiate downward from the centrosome through

the cytoplasm but the strand which runs to the nucleus is thicker

than the others.

These fibrillar strands connecting the nuclei with the sterigmata

and spores are present in practically all the Boleti I have studied.

In the basidia of Mendius tremellosus I have also observed them

extending from the apex of the spores to the nuclei below in the

basidium. In Polypoms brumalis and P. lucidus I could trace

them only from the sterigmata to the nuclei.

Simultaneously with the development of the spores the nuclei

begin to move towards the sterigmata. This migration is probably

the result of the contraction of the kinoplasmic fibrils as claimed

by Maire (1902). In fig. 63, pl. 7, of Boletus albellus the nucleus

is shown part way through the sterigma. In the same spore higher

up another spherical, red staining body appears. Its lower por-

tion is attenuated forming a long, strand-like fibril which extends in

the direction of the nucleus. What the nature of this body is I

have not been able to determine.

The nucleus (pl. 8, fig. 64) divides soon after entering the spore
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(pl. 5, fig. 42) . I have seen division figures in the spores of Boletus

castaneus, B. albellus, B. punctipes, B. cyanescens, B. indecisus, B.

glabellus, B. granulatus, B. chrysenteron, B. spectabilis, B. bicolor, B-

griseus, B. subtomentosus, B. badius, and Strobilomyces strobilaceus

.

The equatorial plate and subsequent stages come out very clearly

and well-developed polar asters are present. Long astral rays can

be seen radiating from the centers and extending to the ends of

the spore (pl. 7, fig. 79). The spindles are very narrow, but show

clearly in the cavity of the nucleus, the nuclear membrane being

stillpresent. The chromosomes are sharply differentiated from the

spindle fibers (pl. 5, fig. 76) but are so small and so massed together

that their numbers cannot be definitely counted. The position

of the spindles is either transverse or parallel to the long axis of

the spore. The central spindle stretches in the anaphases and

the chromosomes come to lie on the walls on opposite sides of

the spore (pl. 8, fig. 43, 65). The two daughter nuclei show all

the essential features of the nuclei in the basidium (pl. 8, fig. 66).

In the spore of B. albellus, a second division occurs. The spore

(pl. 8, fig. 67) becomes very long and the two spindles which

appear are similar to those previously described. The spindles

may lie parallel or at right angles to each other, the latter case

is shown in fig. 68, pl. 8, where one of a pair of spindles is repre-

sented. Fig. 67, 68, pl. 8, show clearly that the number of

chromosomes is greater than two, as held by Fries (191

1

1
) for the

first division in the spore.

In the late anaphases, the chromosomes are found at the

poles and appear to be fused into one or two masses. The nuclei

are reconstructed and four small daughter nuclei result. The

division here is not apparently conjugate. The spindles at least

are not paired side by side, though the divisions are simul-

taneous. In many spores, I have found three nuclei (pl. 8, FIG.

69). Two were small, while the third was larger and had prob-

ably not yet divided. It seems probable that the condition found

in these spores indicates the initial stage in germination.

The karyokinetic figures in the spores of these Boleti are very

distinct and suggest that further study of young mycelia will

make possible the settlement of the question as to the first appear-

ance of conjugate division and regularly binucleated cells.
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Centrosomes and astral rays are strongly and typically developed.

Although it is difficult to determine the exact number of chromo-

somes certainly more than two are found at all stages. In the

first division of the basidium where the spindles are large as many
as six to eight can be counted.

Aberrant types of basidia have been found in Boletus chrysen-

teron, B. punctipes, and B. griseus. The abnormality consists in

the appearance of mature sterigma-like projections while the

nuclei are still in the process of division. Fig. 77, PL. 5, shows a

basidium with one of its four sterigmata well developed. The
division figures are perfectly normal, with the exception that they

are almost perpendicular to the transverse axis of the basidium.

Theoretical discussion

I cannot agree with Knoll that the cystidia in the Basidio-

mycetes are hydathodes. The cystidia of the Boleti I have studied

are evidently modified basidia whose function is in some sense

glandular. The quantity of material excreted is very large and

in no way resembles the mucilaginous substance found about the

trama cells. Just how this substance is excreted by the cystidia

is not clear but in all probability it is formed just beneath the

cuticle as described by Tschirch (1889) for the gland cells in the

higher plants.

As I have pointed out, the excretion products in the form of a

gelatinous substance may be usually found covering the entire sur-

face of the cell. In the case of Boletus granulatus, where several

cystidia are found together, a cushion-like gelatinous mass is

formed. These masses are the "granules" (pl. 7, fig. 12) at the

mouths of the pores. Knoll admits that a mucilaginous substance

accumulates on the upper part of the cystidia of Psathyretla graci-

lis, Galera tenera, G. tenuissima, Peniophora globulosa, Paneolus

helvolus, and Coprinus lagopus and figures the cystidia of Collybia

esculenta, Psathyrella consimilis, and Inocybe trechispora as

entirely covered with it. Knoll has done nothing to disprove the

contention of Lepeschkin (1906) who showed that the discharge

of water from hyphal cells in general depends only upon the

condition of the plasma membrane. Biffen (1899) finds that in

the case of Collybia velutipes, watery drops may be exuded from
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any part of the carpophore, particularly the pileus, and notes three

different kinds of cells covered by a watery exudation. The

well-known occurrence of water drops on mycelial cultures is

another fact strongly against the conception of special water-

excreting organs in the fungi. As I have pointed out, cytological

study of the mycelial cells shows no specially differentiated organs

for the excretion of water.

The mechanical function ascribed to the cystidia by Buller

for the Coprini is entirely out of the question in the Boleti. The

pores need no such aid to keep them open. I have noticed in

many species numbers of spores embedded in the mucilaginous

covering of the cystidia. It seems that in this case the cystidia

rather interfere with the dispersal of the spores than assist in it.

The question as to the method of origin of the binucleated

cells and the stage at which they appear in the development of

the carpophore is of interest not only with reference to its bearing

on the problems of the morphology and phylogeny of the Basidio-

mycetes but also and even more in its bearing on the whole question

of the nature of sexual reproduction. If a sporophyte with cells

containing 2« chromosomes can arise by the simple omission of a

cell division in a binucleated cell and if this process can occur at

various points in a mycelium either simultaneously or over quite

a period of development the fact is of prime significance in the

interpretation of gametic unions of the more typical sort. As

noted above, the absence of differentiated sex organs at the initi-

ation of the carpophore must be taken as an established fact, but

the possibility perhaps still remains that the binucleated cells have

their origin by the migration of nuclei through clamp connections

or hyphal anastomoses. Meyer (1896, 1902) and R. Hartig

(1885) have argued on general grounds that such cytoplasmic

fusions may have some sexual significance. The observations of

Lutman (1910) and Rawitscher (1912) that in the smuts the

nuclei do migrate through such connecting tubes are certainly

suggestive.

Voss' (1902) claim that clamp connections are present in the

rusts, if confirmed, must be certainly regarded as good evidence

against their function as conjugation tubes, since sexual fusions

of another type are present in the rusts. Voss' observations,
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however, are not generally accepted, and his figures are incon-

clusive. My own studies on the nature of the clamps and hyphal

fusions are not conclusive, on this point. As described above, I

have observed clamp connections and hyphal anastomoses in

cultures three days old, but nothing that would clearly indicate

nuclear migrations, though in some cases I have found empty cells

adjacent to binucleated cells.

It is well established that the binucleated cells do not arise as

carpophore initials. They are present long before the carpophores

appear and the stimuli leading to the production of the latter

In order to bring out clearly the stages at which binucleated

sporophytic cells are found I have tabulated all the available data

as to the number of nuclei in the cells of the mycelia, rhizomorphs,

carpophores, etc., of the Basidiomycetes so far studied. Twenty-

seven species have been described as having regularly binucleated

cells in their mycelia and rhizomorphs. The data show rather

clearly that the binucleated condition does not originate at any

definite point but may arise anywhere in the mycelium. The germ

tubes (pl. 4, fig. i, 2) are generally multinucleated. The young

mycelium has multinucleated cells (pl. 4, fig. 3, 4) although bi-

nucleated and uninucleated cells are also found. Miss Nichols

does not believe that there are conjugate divisions in the germ

tube but positive observations as to the occurrence of conjugate

divisions are sadly lacking. As noted above, I have found no

case of conjugate division in the material I studied.

As shown in the table, oidia and chlamydospores are reported

by Istvanffi (1895), Biffen (1899), Maire (1902), and Nichols

(1904), for many forms. I have studied such asexual spores on

the mycelia of Collybia velutipes. The evidence seems to be

that these spores are usually uninucleated and it would seem

natural that the mycelia from which they arise should consist

of uninucleated cells. Such spores are certainly not so common

in the Basidiomycetes as they are in the Ascomycetes. They

probably should be regarded as the asexual reproductive bodies

of a gametophyte stage. As yet no binucleated spores from

binucleated hyphal cells like the uredospores of the rusts have

been found in the Basidiomycetes.
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The question as to the possible morphological equivalence of

the carpophore of the Basidiomycetes and the ascocarp of the

Ascomycetes is a difficult one. The development of the ascocarp

is in many cases at least initiated by functional or possibly non-

functional sex organs. It is possible that in the apogamous

Ascomycetes which have been reported as lacking an ascogone, the

ascocarp may arise in the same fashion as does the carpophore

in the Basidiomycetes. It is to be noted however that binu-

cleated mycelia are not so far known to occur in these apogamous

Ascomycetes.

I am of the opinion that in the Boleti at least none of the cells

of the hymenium may be properly regarded as paraphyses. They

are all binucleated when young and are all potentially either

basidia or cystidia. That certain of these cells serve merely as

"space makers" is an interpretation which appears to me to be

without much proof. Certainly there are no paraphyses here

which can be compared to those in the Ascomycetes. In the latter

the paraphyses are typically gametophytic while in the Basidio-

mycetes all the elements of the hymenium are just as certainly

sporophytic.

The constancy in the occurrence of a nuclear fusion followed

by a double nuclear division in the basidium is now generally

conceded. Uninucleated basidia such as those of Hygrophorus

conicus reported by Maire (1902) and Fries (191

1

2
) are apparently

rare exceptions. The young basidia of twenty-four species of

Boleti and three species of Polypores which I have examined are

all binucleated. The two nuclei fuse in all cases and the resulting

nucleus divides twice, forming four nuclei. These four nuclei

migrate to the spores and there divide again.

It is an obvious conclusion that these two nuclear divisions

in the basidium involve the reduction of the chromosome number

but the small size of the nuclei makes it impossible to reach new or

independent conclusions as to the nature of the reduction process.

Fries (191

1

1
) and Kniep (1911) hold that the first and second

divisions in the basidium are respectively heterotypic and homoe-

otypic. But it cannot be said that their figures give any very

positive evidence on the large questions here involved. My prep-

arations show clearly (pl. 6, fig. 27) that the number of chromo-
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somes in the second division is certainly greater than two. The

number which can be distinguished is variable but more than two

are always found. This is true even in the case of the very small

karyokinetic figures of the second division in the spore as shown

in fig. 68, PL. 8. That we have a reduction division in the basidium

comparable to that found in the spore mother cells of the higher

plants is hardly to be questioned on general grounds; but the

diminutive size of the chromosomes makes the study of the

process extremely difficult. It is certainly clear, however, that

Maire's (1902) and Van Bambeke's (1903) two chromosomes in

both divisions, and Fries' (191 1) two chromosomes in the second

division and in the division in the spores are the results of poor

fixation causing the fusion of the chromosomes.

My observations on the Boleti confirm the views of Wager

(1903, 1904), Juel (1897), and Harper (1902), and it cannot be

doubted that Maire's protochromosomes are the true chromo-

Maire (1902) and more recently Fries (191 1) have given

extremely interesting data as to the migration of the four nuclei

from the basidium into the spore. The nuclei according to their

observations are drawn into the sterigmata by fibrillar cyto-

plasmic strands which extend from the sterigmata to the nuclei.

My preparations show clearly also the kinoplasmic strands extend-

ing from the nuclei to the points of origin of the sterigmata (pl. 7,

fig. 36; pl. 5, fig. 37). Petri held that these strands originate by

stretching of the nuclear membrane. The daughter nuclei in the

telophases become attached to the basidium and when they move

downward in their well-known migration, the nuclear membrane is

drawn out into a long fibrillar strand. The strand may be com-

pared to a much attenuated beak on the nucleus. Another interpre-

tation of these strands is possible. As noted in the telophases of

the second division, the daughter nuclei come to lie on the wall of

the basidium and apparently their positions mark the point ot

origin for the future sterigmata. When the nuclei migrate down-

ward in the basidium, the centrosomes are left behind on the

basidium wall. The sterigma, budding out at just this point,

carries the centrosomes upward (pl. 5, fig. 37), at its apex. The

strands connecting the centrosomes and nuclei are thus carried
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upward with the growth of the sterigma. This growth of the

sterigma naturally involves fiowage of material into it and that

this movement should express itself in the formation of fibrillar

strands between the nucleus and the centrosome at the apex of

the sterigma is certainly to be expected and indicates the relation

of the nucleus to the metabolic activities of the basidium. The

strands on this view would be comparable, in general, to the

kinoplasmic astral rays.

My preparations show further that when the spore buds out

on the apex of the sterigma the centrosome is carried up at the

apex of the growing spore. The fibrillar strands are extended

also into the spore and appear running through its long axis

and maintaining a continuous connection with the nuclei which

now lie at the middle or towards the base of the basidium (pl. 7,

fig. 40, 75; pl- 5. fig. 41).

It appears to be generally conceded that these strands are

associated in some way with the passage of the nuclei into the

spore. My observations in the Boleti certainly give good ground

for the contention that they at least direct the course of the

nuclei into the spores. The fact that, as I find, these strands

extend through the sterigma and into and through the spore body,

suggests also that they may be of significance for the apparently

difficult process of getting the nucleus through the narrow neck

of the sterigma.

I find nothing in the Boleti to favor Fries' (191

1

1
) claim that

the migrating nuclei undergo a characteristic transformation in

passing into the spore. It is, perhaps, not entirely proven that

these fibrillar strands are actively contractile kinoplasmic elements

which pull the nuclei into the spores but the appearances in the

Boleti certainly suggest such a conclusion. Such a conception is,

of course, not inconsistent with the view that such strands may

also constitute a system of lines of flowage of material into the

young spore.

1 . Spores of Pholiota praecox germinated in malt-beef extract

at room temperature produce multinucleated germ tubes. The

mycelia in cultures forty-eight hours old are still composed of

long multinucleated cells. In cu

uninucleated and binucleated cells £



174 Levine: Cytology of Hymenomycetes

2. The mycelia of Collybia velutipes, Polypoms adustus,

P. betulinus, P. destructor, P. versicolor, and Coniophora cerebella

propagated from old cultures are made up of long series of binu-

cleated cells. Clamp connections, hyphal anastomoses, and the

so-called protoplasmic connections are numerous in all the mycelia.

3. The cells of the mature stipe of Boletus granulatus are all

multinucleated, while the cells of the ring are binucleated. The

cells of the flesh and trama of B. granulatus are binucleated. The

cells of the subhymenium are binucleated in all the species of

Boletus studied.

4. The cystidia of the Boleti occur either singly or in small

clusters forming gelatinous granules. In B. granulatus these

cushion-shaped "granules" are abundant at the mouths of the

pores and scattered over the hymenium. The individual cysti-

dium is binucleated. It is club-shaped and is deeply seated in

the hymenium. The cystidia of the Boleti appear to be in some

sense glandular in their functions.

5. The nuclear phenomena in the basidium are typical in all

the species of Boletus examined. Fusion of the two primary

nuclei of the basidium was observed in Boletus granulatus,,B. ver-

sipellis, B. glabellus, B. vermiculosus, B. castaneus, B. albellus, and

B. chrysenteron.

6. The long axes of the spindles in both divisions are commonly

transverse to the long axis of the basidium. Variations, however,

appear in which the spindles are almost perpendicular to the

transverse axis of the basidium. Centrosomes and well-developed

astral rays are regularly present.

7. The chromosome number in the first division is from six

to eight in Boletus granulatus, B. castaneus, B. albellus, B. vermicu-

losus, B. versipellis, and B. chrysenteron. In the second division

the exact number cannot be determined. It is, however, always

8. At the end of the second division the centrosomes become

attached to the walls of the basidium and the four daughter

nuclei are reconstructed in close connection with them. As the

nuclei move downward in the basidium they maintain their

connection with the centrosomes by means of fibrillar strands

which are, perhaps, analogous to astral rays. The fibrillar

strands apparently pull the nuclei into the spores.
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9. The centrosomes mark the points of origin for the sterig-

mata. They are carried up with the growth of the sterigmata

and into the spores. They also apparently determine the apex

of growth of the spores.

10. The spores in all the forms studied are uninucleated at

first. The primary spore nucleus divides at once. The kary-

okinetic figures are small but very sharply differentiated with well-

developed centrosomes and polar asters. In the spores of B.

albellus a second division occurs.

11. In Boletus chrysenteron, B. punctipes, and B. griseus, basidia

with mature sterigmata are found before the completion of the

second division. Normal basidia are also present.

12. An alternation of generations comparable to that in the

Uredineae is also present in the Basidiomycetes. The sporophyte

begins at some indefinite point in the mycelium and extends

through the development of the carpophore.

CoLUMBrA University, New York.
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;. 2. Same as Fig. 1 at end of forty-eight hours

;. 3. Uninucleated hyphal cells in mycelium th

;. 4. Binucleated hyphal cells in mycelium thre

Polyporus belulinns.

;. 7. Binucleated hyphal cells from old myceliui

Polyporus versicolor.
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Fig. 8. Binucleated hyphal cells from old mycelium showing clamp connec-

Boletus granulatus.

Fig. 9. Cells from the stipe.

Fig. 5. Binucleated cells from old mycel
Fig. 6. Two adjacent binucleated cells w

i in equatorial plate s

Fig. 32. Cross section of basid

Fig. 70. Primary nuclei in

Fig. 76. Nuclear division :

Boletus chrysenteron.

21. Longitudinally split spirem.

22. Segmented spirem.

25. The chromosomes moving toward the poles, a

25a. The chromosomes at the poles before fusing,

27. Diaster, second division, a number of nuclei a

28, 29. Cross section of basidium. same as fig.
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Fig. 34. 35- Early stages in the development of the sterigmata, fibrillar

strands connect the nuclei and the tips of the sterigmata.

Fig. 45. Young four-nucleated hymenial cell in which nuclear division was

not followed by cell division.

Fig. 72. Cross section of basidium, first division, the chromosomes massed

Plate 7

A cluster of c pstidia forming a gelatinous granule

First division in the basidium, anaphase, show

Basidium with four nuclei attached to young sterig

Basidium with very young spore buds.

Boletus granulatus.

;. 43. Nuclear division in spores, anaphase.

Boletus versipellis.

;. 46. Basidia with primary and secondary nucl

;. 47, 48, 49. Nuclear fusions in the basidium.

i. 50. Spirem stage.

equatorial plate stage.

,. 54, 55. Diaster, stages of the first division.

. 56. Two daughter nuclei attached to wall ol

present, late telophase.
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sharply differentiated nuclei,

BoletMS aZ&etfws.

nc. 64 . Spore with sii ,d,S nucleus.

MG. 65.

?IC 66. Binueleated s

, only one spindle is figured;





New ferns from tropical America— II

The two species of Dryopteris here described for the first time

belong to the group of D. pubescens. Both are from Jamaica,

and each bears a most curious and misleading resemblance to the

For the privilege of describing the first I am indebted to the

kindness of Mr. William R. Maxon. This species is based on a

single sheet, representing a rootstock and three leaves, two de-

tached, originally from the Jenman Herbarium, labelled Nephro-

dium luridum Jenman, in Jenman's hand. It may be described

Dryopteris lurida (Jenman) Underwood & Maxon sp. nov.

Nephrodium luridum Jenman MS.

Rhizome creeping, furnished with blackish rigid lanceolate or

lance-linear acuminate scales up to 6 mm. long, with occasional

unicellular gland-like processes and jointed cilia on their margins;

similar scales on bases of the stipes; fronds clustered, pubescent,

glandular throughout with capitate, often long-stalked and jointed,

sometimes forked glands; stipes slender, up to 31.5 cm. long, dark

brown at base, upwards brownish or stramineous or greenish,

grooved on face; laminae up to 25 cm. long, up to 16.5 cm. broad,

green, tinged with olive, ovate-deltoid, tripinnate, abruptly nar-

rowed above at about the third or fourth pair of pinnae, their

apices acute or acuminate, serrate, giving rise gradually to the

pinnae and pinnules; pinnae alternate or opposite, oblique,

stalked, mostly asymmetrical, those above the basal mostly

ovate-lanceolate to oblong-lanceolate, the second or third pair often

subequilateral, those above somewhat cut away beneath at base,

the basal pair broadly deltoid or ovate-deltoid, up to 9 cm. broad

at base, its inner inferior 2-5 pinnules on either side much longer

than the corresponding superior ones and sometimes subbipinnate

at base; other pinnules parallel with or overlapping the costa on

the inner side, somewhat cut away beneath at base, acute, the

larger stalked and obliquely pinnatifid into serrate or entire lobes,

183
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the smaller subdimidiate, serrate and decurrent; texture thin,

membrano-herbaceous; pubescence white or whitish, setaceous,

multicellular, the facial grooves of the stipes and the backs of the

costae thickly coated with short fine soft hairs which spread part

way up the midribs of the pinnules, larger coarser stiffer hairs scat-

tered over the stipes, costae, backs of the veins on the under surface

of the lamina, and between the veins on its upper surface; veins

clearly visible, pinnate; sori apical on the veinlets, midway between

the midvein and the margin of the lamina, sterile veinlets mostly

extending almost to the margin; indusia glandular, not setose;

sporangia glabrous ; spores coarsely papillose. [Plate 3, figure i.]

Type in the Underwood Herbarium at the New York Botanical

Garden, collected in Jamaica "1874-79."

The following specimens also are in the Underwood Herbarium:

Jamaica: Mt. Diabolo, altitude 609 meters, April 2, 1903,

Underwood 1825; vicinity of Hollymount, Mt. Diabolo, May 9»

1903, Maxon 1957; vicinity of Hollymount, altitude about 75°

meters, May 25-27, 1904, Maxon 2311, 2260.

Dryopteris leucochaete Slosson sp. nov.

Rhizome creeping, slightly chaffy; fronds clustered, pubescent

and glandular; stipes up to 35.5 cm. long, brown and slightly

chaffy at base, above greenish to brownish, grooved on face;

scales soft, pale brown, lanceolate, acuminate, up to 3 mm. long,

with slightly ciliate or subglandular margins; laminae up to 28

cm. long and 25 cm. broad, mostly subpentagonal, commonly
quadripinnate, abruptly narrowed above, apices mostly long-

acuminate and serrate; pinnae oblique, stalked, asymmetrical,

basal pair ovate-deltoid to deltoid; pinnules oblique, stalked to

decurrent, several of the inferior elongate in the basal pinnae and

shortened in the upper; segments oblique, stalked to decurrent,

unequally ovate to subtrapezioid, cut away at base, pinnate or

obliquely pinnatifid to serrate; glands capitate, often jointed,

sometimes forked; pubescence white, setaceous, multicellular, fine

and short hairs abundant on the groove of the stipe, backs of the

costae, and partly on the midribs of the pinnules, larger, coarser,

scattered hairs on the general surface of the stipes, costae, and

backs of the veins, and between the veins on the upper surface

of the lamina; veins pinnate; sori apical on the veinlets, midway

between the midvein and margin of the lamina; indusia conspicu-

ously setose and glandular; sporangia glabrous; spores papillos6 '

[Plate 3, figure 2.]
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Type in the Underwood Herbarium at the New York Botanical

Garden, collected on shady forest land in Peckham Woods,

Clarendon, Jamaica, altitude 762 meters, May 21, 1912, William

Harris 11023.

This species differs from D. larida chiefly in its smaller, soft,

pale, almost tow-colored scales, its larger, more finely divided

lamina, and its setose indusia. Additional specimens are: Ja-

maica; vicinity of Troy, altitude 600-660 meters, June 28, 1904,

Maxon 2860; in rocky woodland, near Troy, altitude 701 meters,

June 28, 1904, Harris 8710.

Explanation of plate 3
Fig. i. Dryopteris lurida; Jamaica; parts of the type specimen, reduced.

Fig. 2. Dryopteris lencochaete; Jamaica; leaf, reduced, Maxon 2860.
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A taxonomic study of the Pteridophyta of the Hawaiian Islands—III

Winifred J. Robinson

19- POLYPODIUM L. Sp. PL 1082. 1753

A cosmopolitan genus, including ferns of every habitat. Root-

stock creeping; leaves articulate; blades various, mostly simple

or pinnate; veins free or occasionally anastomosing; sori orbicular,

dorsal on the veins, non-indusiate.

Type species: Polypodium vulgare L.

Leaves simple to deeply pinnatifid, not bearing reddish,

s light brown; leaves 8-20 c

Rootstock creeping, wiry; leaves stalked,

linear, slightly undulate; sori round, few,

[The Bulletin for April
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Leaves pinnatifid.

brownish glandular hairs.

Leaves elliptic-lanceolate to

8-15 cm. X 1-2.5 cm.; sori nearly covering leaf

tissue from costa to margin. P.sarmentosu

: 1.5-2 cm.; sori inframedial. P. Adenophoru

its scarcely reduced; leaves ovate-oblong,

varying from linear to lanceolate with

reddish, resinous glands beneath.

Leaves bipinnatifid.

Leafstalk 0.5 mm. in diameter; blades oblong-

Leafstalk 1-2 mm. in diameter; blades more than

Polypodium Hookeri Brack. Fil. U. S. Expl. Exp. 4- l854

Polypodium setigerum Hook. & Arn. Bot. Beech. 103. 1832. No1

Blume.

Grammitis setigera J. Sm. Hist. Fil. 181. 1875.

Type locality: Oahu.

Distribution: Polynesia, Hawaiian Islands.
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Illustration: Hook. & Arn. Bot. Beech, pi. 21. /. a. 1832.

Specimens examined: Hawaii, Mann & Brigham 482 N;
Robinson 201 V; Maui, Robinson 336V -,338 V;3$2 V; Oahu, Heller

2245 C, N; Lichtenthaler N; Hawaiian Islands, Baldwin 81 C, N;
Baldwin B; Hillebrand B; ex Herb. Underwood C; Hillebrand N.

This is closely allied to P. setosum (Blume) Presl, according to

Copeland, Polypodiaceae of the Philippine Islands, Bur. Gov.

Lab. Publ. 21: 119. 1905.

Polypodium Knudsenii Hieron. Hedwigia 44
s

: 79. 1905

Polypodium samoense var. glabra Hilleb. Fl. Haw. Is. 554- 1888.

Not P. glabrum Roxb.

Polypodium samoense Christ in Engler, Bot. Jahrb. 23 : 358. 1896,

in part. Not Baker.

Type locality: Kauai, Hawaiian Islands.

Distribution: On trees, Kauai, Hawaiian Islands.

Specimens examined: Kauai, Baldwin 17 B; Heller 2708 B;

C, K, N; Knudsen 7 B; Robinson 405 V; 440 V; 453 V; 826 V; 836

V.

Hieronymus (Hedwigia 44
2

: 79. 1905) distinguishes P. Knud-

senii from P. samoense by the broader, yellow rather than fer-

ruginous, scales of the rhizome; the fewer, smaller hairs upon the

leafstalk; the thicker texture and more pointed apex of the leaf;

the less evident veins; the larger size of the sori and their greater

proximity to the margin of the leaf.

Polypodium pumilum sp. nov.

Rootstock short, erect, less than 1 mm. in diameter, covered

with dark brown, linear-lanceolate scales 1-2 mm. long and 0.3-0.5

mm. broad at the base, with 6-10 rows of cells in the broadest part;

roots numerous; leaves 3-5, simple, nearly sessile, cespitose,

linear-oblanceolate, obtuse or bluntly acute at apex, narrowed

gradually at the base, 4-7 cm. long, 3-5 mm. wide, the margin

subentire, the midrib green, prominent; veins forked once about

2 mm. from the midrib; sori oblong, 1.5-2 mm. long by 1-1.5 mm.
broad; sporangia flattened laterally, the annulus of 10-12 cells;

spores yellow, tetrahedral, 0.040 mm. in diameter, very minutely

tuberculate. [Fig. I.]

Type collected on Oahu, 1000 m. elevation, 1890, by D. D.

Baldwin, distributed by D. C. Eaton as P. sessilifolium (herb. N. Y.

Bot. Gard.).
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Known only from the type locality.

The present species differs from P. Knudsenii Hieron. in

smaller size; in the size of the scales, which in the latter are

Fig. i. Polypodium pumilum, natural size.

mm. long and 0.5-0.8 mm. wide, with 10-20 rows of cells in the

broadest part; and in the smooth margin of the leaf in contrast

with the hairy margin of P. Knudsenii.

Polypodium pseudogrammitis Gaud. Voy. Freyc. Bot. 345-

Grammitis tenella Kaulf. Enum. 84. 1824. Not Forster.

Polypodium Kaulfussii Presl, Tent. Pterid. 178. 1836.

Type locality: Oahu.

Distribution: On trees, common; Hawaiian Islands.

Illustrations: Hook. & Am. Bot. Beech, pi. 21. 1832;

Kunze, Anal. Pterid. pl.g.f.i. 1837.

Specimens examined: Hawaii, Hillebrand B, C; Robinson 236

V; 260 V; 275 V; Oahu, Heller 2215 C; Macrae B; Robinson 2W
p V; 45 V; ng V; Kauai, Robinson 446 V; Hawaiian Islands,

Baldwin 32 B; 83 B, C; Gaudichaud B; Wilkes Expedition B,
|
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Polypodium Haaliliolanum Brack. Fil. U. S. Expl. Exp. 5.

1854

Type locality: Hawaiian Islands.

Distribution: On tree trunks above 600 m. elevation, Hawai-
ian Islands; rare.

Illustration: Brack. Fil. U. S. Expl. Exp. pi. 1. /. 4. 1854.

Specimens examined: Hawaii, Robinson 601 V; Oahu, Hille-

brand B; Mann & Brigham 178 N; Wilkes Expedition N; Kauai,

Lichtenthaler N; Hawaiian Islands, Baldwin 86 B; C; Hillebrand C.

Hieronymus (Hedwigia 44*: 86. 1905) reduces Polypodium

Haaliliolanum to Polypodium subpinnatifidum Blume, but the

type of the latter at Berlin has subpinnatifid lobes and acute

sinuses, while the leaves of the Hawaiian plant are sinuato-crenate

throughout. The sporangia of Polypodium Haaliliolanum are

smooth, while those of Polypodium subpinnatifidum are setose.

Polypodium Saffordii Maxon, Am. Fern Jour. 2: 19. 1912

Polypodium minimum Brack. Fil. U. S. Expl. Exp. 5. pi- i- /• 3-

1854. Not Aublet.

Polypodium serrulatum var. lata Luerssen, in Wawra, Flora 58:

422. 1875.

Polypodium serrulatum Hilleb. Fl. Haw. Is. 553. 1888. Not Mett.

Type locality: Oahu.

Distribution: Common on trees above 600 m. elevation,

Hawaiian Islands.

Illustrations: Brack. Fil. U. S. Expl. Exp. pi. i.f.3. 1854;

Maxon, Am. Fern Jour. 2: 19. 1912.

Specimens examined: Hawaii, Lichtenthaler N; Robinson 600

V; Oahu, Heller 2905 (type) N, (cotype) C; Mann & Brigham

550 N; Robinson 521 V; Wilkes Expedition N; Kauai, Hillebrand

123 B; Hawaiian Islands, Baldwin 85 B, C; Bishop 81 B; Johnson

B; ex Herb. Mt. Holyoke College B; Wilkes Expedition C.

Polypodium sarmentosum Brack. Fil. U. S. Expl. Exp. 8. 1854

Type locality: Hawa
Distribution: Comm<

ian Islands.
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Illustration: Brack. Fil. U.S. Expl. Exp. pi. 2. f. 3. 1854.

Specimens examined: Hawaii, Robinson 203 V; Maui, Bailey

C; Robinson 356V; Oahu, Forbes BM; Heller 2353 C,N; Lichten-

thaler N; ¥anw £f Brigham 200 N; Robinson j V; 5 V; 46 V;

67 V; J17 V; Safford 889 N; Kauai, Robinson 856 V; 4^ V;

Hawaiian Islands, Baldwin 82 C, N; Wi/fces Expedition C; ex

Herb. John Donnell Smith N.

Polypodium Adenophorus Hook. & Arn. Bot. Beech. 104. 1832

Adenophorus pinnatifidus Gaud. Voy. Freyc. Bot. 365. 1829. Not

Gilib.

Type locality: Hawaiian Islands.

Distribution: On tree trunks in the forests above 600 m.

elevation.

Illustration: Hook. & Arn. Bot. Beech, pi. 22. 1832.

Specimens examined: Oahu, Lichtenthaler N; Mann & Brig-

ham 283 N; Kauai, Knudsen B; Robinson 851 V; Hawaiian

Islands, Baldwin 88 B, C; Wilkes Expedition C, N; ex Herb.

John Donnell Smith N.

Polypodium pellucidum Kaulf. Enum. 101. 1824

Polypodium myriocarpum Hook. Ic. PI. pi. 84. 1837.

Polypodium hawaiiense Underw. in Heller, Minn. Bot. Stud. I

784. 1897.

Polypodium Helleri Underw. in Heller, Minn. Bot. Stud. 1: 785-

Polypodium vulgare Christ, Farnkr. Erde 83. 1909.

Type locality : Oahu.

Distribution: On ground and on tree trunks, at 300-2,000

m. elevation; Hawaiian Islands.

Illustrations: Hook. Ic. PI. pi. 84. 1837; pi- 944' 945-

1854.

Specimens examined: Hawaii, DaleC; Robinson 144 V; 254 V '

267 V; Wilkes Expedition C ; Maui, Bishop 83 B ; 84 B ; Finsch n B;

60 B; Robinson 316 V; 324 V; 333 V; Molokai, Hillebrand B;

Oahu, Chamisso B; Forbes 1017 BM ; Heller 2075 C; Robinson 7 V;

Kauai, Forbes 268 BM; Heller 2602 C; 2634 C; Hillebrand 54 B >

Knudsen 55 B; 56 B; Robinson 403 V; 482 V; Hawaiian Islands,
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Baldwin 89a B; 89c B;^C; Bailey C; Douglas (5p B, C; Gaudi-
chaud B; Lydgate B; Wilkes Expedition B, C.

Polypodium pellucidum is extremely polymorphous, as is shown
by the several nominal species that have been segregated at dif-

ferent times. Kaulfuss's type in the Berlin herbarium is very

coriaceous and has the intermediate veinlike striations mentioned

by this author. The pinnae are rather acute, 4-5 cm. long, with

crenate-undulate margins. Divergences from this are seen in:

(1) P. Helleri Underw. (type Heller 2602) with longer thinner

pinnae; a single incomplete leaf has greatly elongated pinnae;

(2) P. hawaiiense Underw. with broader (1.5 cm.), shorter (3-4.5

cm.), rounded pinnae, Hillebrand's var. opacum from Molokai;

(3) P. myriocarpum (Hook. Ic. PI. 1: pi. 84) apparently a mon-
strous form with great variability in the pinnae of the same leaf;

(4) a form still more common in collections, which has close

or spaced pinnae ranging from rounded to pointed on the same leaf.

Near the extinct craters, about a mile from the Volcano House,

Hawaii, the leaves are folded ventrally upon the midrib. A field

study of the range of variations of the species would form an

interesting local problem.

Polypodium hymenophylloides Kaulf. Enum. Fil. 118. 1824

Amphoradenium minutum Desv. Prod. 336. 1827.

Adenophorus hymenophylloides Hook. & Grev. Ic. Fil. pi. 176.

1829.

Type locality: Hawaiian Islands.

Distribution: Rare, on trees at elevations of 1,000-1,600 m.,

Hawaiian Islands.

Illustrations: Gaud. Voy. Freyc. Bot. pi. 8. Hook. & Grev.

Ic. Fil. pi. 176. 1829.

Specimens examined: Hawaii, Robinson 276 V; forest above

Cape Lua Pele, Wilkes Expedition N; Wilkes Expedition 10 B, C;

Maui, Robinson 347 V; Wilkes Expedition B, C, N; Oahu, Beechey

C; Diell C; Robinson 87 V; 97 V; Kauai, Heller 2213 C, N;

Knudsen 154 B; Robinson 462 V; Hawaiian Islands, Baldivin 90

B, C, N; Gaudichaud B, C; HillebrandB; Mann & Brigham 276 N.
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Polypodium abietinum D. C. Eaton, in Mann, Proc. Am. Acad. 7:

219. 1867

Polypodium tamariscinum var. abietinum Hilleb. Fl. Haw. Is. 557.

1888.

Type locality: Hawaiian Islands.

Distribution: On trees, rare; Hawaiian Islands.

Specimens examined: Hawaii, Wilkes Expedition N; Oahu,

Hillebrand B; RemyC; Robinson 32 W; 48 V; Wilkes Expedition N;

Kauai, Heller 2732 C; N; Hillebrand B; Lichtenthaler N; Hawaiian

Islands, Baldwin 94 B; C; Hillebrand B.

Polypodium Hillebrandii Hook. Sp. Fil. 4: 228. 1862

Type locality : Hawaiian Islands.

Distribution: At 400-700 m. elevation, rare; Hawaiian

Islands.

Illustration: Hook. Sp. Fil. 4: pi. 279A. 1862.

Specimens examined: Hawaii, Robinson 287 V; Oahu, Forbes

BM ; Robinson 23 V; 123 V; Hawaiian Islands, Baldwin 92 C, N;

Baldwin 93 C; Hillebrand B, C; Safford 891 N; ex Herb. John

Donnell Smith N; Wilkes Expedition C.

Polypodium tamariscinum Kaulf. Enum. Fil. 117. 1824

Adenophorus bipinnatus Gaud. Ann. Sci. Nat. 3: 508. 1824.

Type locality: Oahu.

Distribution: Hawaiian Islands.

Illustration: Hook. & Grev. pi 175. 1829.

Specimens examined: Hawaii, Robinson 208 V; 248 V; Oahu,

Copeland N; Heller 2214 N; Lichtenthaler N; Mann & Brigha*

198 N; Robinson 83 V; 91 V; 92 V; 118 \; 122 V; Safford 892 N;

Kauai, Robinson 463 V; 495 V; 832 V; Hawaiian Islands, Balden

91 N; ex Herb. John Donnell Smith N.

Polypodium tripinnatifidum (Gaud.) Presl, Tent. Pterid. i78>

1836

Adenophorus tripinnatifida Gaud. Ann. Sci. Nat. 3: 5°8 -
l824 '

Voy. Freyc. Bot. pi. 8. 1826.

Amphoradenium Gaudichaudii Desv. Prod. 336. 1827.

Type locality: Hawaiian Islands.

Distribution: Above 600 m. elevation, Hawaiian Islands.
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Illustration: Gaud. Voy. Freyc. Bot. pi. 8.

Specimens examined: Hawaii, Wilkes Expedition N; Maui,

r N; Molokai, Baldwin 93a B; 93b B; Kauai, Remy
16 C; Hawaiian Islands, Hillebrand 122 B; Wilkes Expedition 20

20. PHYMATODES Presl, Tent. Pterid. 195. 1836

Tropical plants, mostly epiphytic; rootstock creeping; leaves

rticulate, distant, simple; veins obscure or prominent, anastomos-

ng, with free included veinlets; sorus borne upon anastomosing

eins or upon the clavate apex of an included vein, non-indusiate.

Type species: Polypodium zosteraejorme Wall.

Phymatodes elongata Presl, Tent. Pterid. 196. 1836

Polypodium lineare Thunb. Fl. Jap. 335- 1784- Not Burm.

Pleopeltis nuda Hook. Fil. Exot. 63. 1823.

Pleopeltis linearis Kaulf. Enum. 246. 1824.

Pleopeltis Thunbergiana Kaulf. Wes. d. Farrenkr. 113. 1827.

Polypodium leiopteris Kunze, Klotzsch, Linnaea 23: 319. 1850.

Drynaria nuda Fee, Gen. 1: 270. 1850-52.

Drynaria elongata Brack. Fil. U. S. Expl. Exp. 42. 1854.

Niphobolus linearis Keyserl. Polyp. Cyath. Herb. Bang. 39- i«73-

Type locality: Kosido, Japan.

Distribution: On trees and rocks; tropical countries.

Specimens examined: Hawaii, LUhtenthaler N;Maui, Wilkes

Expedition N; O. Finsch 10 C; Kauai, Heller 2533 C; 3533 N;

Oahu, Wilkes Expedition C; Diell C; Heller 2005 C, N; 2076 C,

N; 2031 C, N; Mann & Brigham 177 N; Robinson 84 V; Safford

893 N; 1887 N; Hawaiian Islands, Baldwin 82 C, N; R.H.

Hitchcock C; ex Herb. John Donnell Smith N.

Phymatodes Spectrum (Kaulf.) Presl, Tent. Pterid. 197. 1836

Polypodium Spectrum Kaulf. Enum. 94- l824-

Polypodium Thouinianum Gaud. Voy. Freyc. Bot. 348. 1828.
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Drynaria spectrum J. Sm. Jour. Bot. Hook. 4: 61. 1842.

Pleopeltis spectrum Moore, Ind. Fil. 348. 1862.

Colysis Spectra J. Sm. Ferns Brit. & For. 98. 1866.

Type locality : Oahu.

Distribution: On rocks and tree trunks in dense shade of

woods, Hawaiian Islands, Sumatra.

Illustrations: Gaud. Voy. Freyc. Bot. pi. 5. f. 1. E. & P.

Nat. Pfl. i 4
: 317./. 164A, B. 1899.

Specimens examined: Hawaii, Robinson 200 V; Maui, Wilkes

Expedition C ; Oahu, Heller 21 18 C ; Robinson V; Kauai, Heller 2438

C; Hawaiian Islands, Baldwin 84 C; Miss Sessions C; ex Herb.

Kew. C.

The leaves of Phymatodes Spectrum vary so much in size and

cutting of the lobes as to suggest different species for those found

growing upon a single rootstock.

21. PHLEBODIUM (R. Br.) J. Sm. Jour. Bot. 4: 58- 1842

Tropical or subtropical plants, usually epiphytic. Rootstock

creeping, 1-2 cm. in diameter, paleaceous; leaves articulate;

blades pinnatifid or pinnate; primary veins pinnately arranged,

the secondary veins anastomosing; sori usually terminal on two

included veinlets, non-indusiate.

Type species: Polypodium aureum L.

Phlebodium aureum (L.) J. Sm. Jour. Bot. Hook. 4: 58. 1842

Type locality: West Indies.

Distribution: On ground and on trees, West Indies, Florida,

Mexico, Brazil, Hawaiian Islands.

Illustrations : Plumier, Traite Foug. pi. 76. 1705. Plate 9-

Specimens examined: Wahiawa Mts., Kauai, Forbes 308 BM.

Forbes 308 is the first collection of this species that has been

noted for the Hawaiian Islands, and it may be that it is an escape

from cultivation, though the remoteness of the locality where it

was collected makes its origin from a cultivated plant improbable.

Mr. Forbes notes: "All the fronds were remarkably glaucous

blue."

22. POLYSTICHUM Roth, Rom. Mag. 2 1
: 106. 1799

Mostly coarse and rigid terrestrial plants of cosmopolitan

distribution; rootstock short, erect; leaves cespitose, not articu-
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late; blades pinnate to quadripinnate ; veins free; sori roundish,

dorsal upon the veins; indusium centrally peltate, orbicular.

Type species: Polypodium Lonchitis L.

Polystichum carvifolium (Kunze) C. Chr. Ind. Fil. 70. 1905

Polystichum coniifolium J. Sm. Jour. Bot. Hook. 3: 413. 1841.

Not Presl.

Aspidium curvifolium Kunze, Bot. Zeit. 6: 283. 1848.

Aspidium aristatum Sw. var. coniifolium Wall.; Hook. Sp. Fil. 4:

27. 1862.

Dryopteris coniifolia Underw. in Heller, Minn. Bot. Stud. 1: 778.

Type locality : Philippine Islands.

Distribution: High plateaus, China, Japan, Polynesia, Ha-

waiian Islands, Australia.

Specimens examined: Heller 2817 C; Baldwin 62 C.

The habit, coriaceous texture, and aristate pinnae of this plant

place it in Polystichum rather than in Dryopteris. The indusia

are sometimes reniform-orbicular, sometimes peltate, on the same

leaf. It is very different from the Japanese Polystichum aristatum

(Forster) Presl, in rootstock, texture, and the division of the leaf.

Polystichum haleakalense Brack. Fil. U. S. Expl. Exp. 204.

1854

Aspidium haleakalense Mann, Proc. Am. Acad. 7: 216. 1867.

Aspidium aculeatum var. Braunii Hilleb. Fl. Haw. Is. 568. 1888.

NotSwartz.

Type locality: Region of Sophora, Mauna Kea, Hawaii.

Distribution: In forests at altitudes of 1,800-2,700 m.,

Hawaiian Islands.

Illustration: Brack. Fil. U. S. Expl. Exp. pi. 28. 1854.

Specimens examined: Hawaii, Wilkes Expedition N; Maui,

Lich ten thaler N; Finsch 45 B; Lydgate B; Lydgate & Baldwin B;

Mann & Brigham 481 X; Mann B; ex Herb. Alt. Holyoke

College C; Oahu, Macrae B; Hawaiian Islands, Baldwin 61 C,

N; ex Herb. John Donnell Smith X.
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Polystichum Hillebrandii Carruth. in Seem. Fl. Vit. 358.

1873

Aspidium Hillebrandi Hilleb. Fl. Haw. Is. 568. 1888.

Type locality: Hawaiian Islands.

Distribution: In forests at altitudes of 1,500-1,800 m.,

Hawaiian Islands.

Specimens examined: Maui, Bailey C; Baldwin B, C, V'»

Lydgate B; Hawaiian Islands, Baldwin 60 B, C.

23. CYRTOMIUM Presl, Tent. Pterid. 86. 1836

Rootstock short; leaves clustered, pinnate, somewhat coriace-

ous; veins anastomosing; sori globose, dorsal upon free included

veinlets or upon connecting veins; indusium peltate.

Type species: Cyrtomium caryotideum (Wall.) Presl.

and margin. C. caryotideum.

Cyrtomium Boydiae (D. C. Eaton) comb. nov.

Aspidium Boydiae D. C. Eaton, Bull. Torrey Club 6: 361. 1879.

Aspidium cyatheoides var. depauperatum Hilleb. Fl. Haw. Is. 572 -

1888.

Dryopteris cyatheoides C. Chr. Ind. Fil. 66. 1906.

Type locality: Oahu.

Distribution: On rocky ledges, along streams, Hawaiian

Illustration: Plate 10.

Specimens examined: Hawaii, Hillebrand B; Maui, Baldwin

C, V; Oahu, Forbes BM; Rock V.

Cyrtomium caryotideum (Wall.) Presl, Tent. Pterid. 86. 1836

Aspidium caryotideum Wall. Cat. no. 376. 1828.

Dryopteris caryotidea Underw. in Heller, Minn. Bot. Stud, i: 779-

1897.

Type locality: Nepal.

Distribution: In forests, India, Polynesia, Hawaiian Islands.

Illustrations: Hook. & Grev. Ic. Fil. pi. 69. 1826; Presl,

Tent. Pterid. pi. 2. f. 12. 1836; Brack. Fil. U. S. Expl. Exp. pi-

16. 1854; Hook. Garden Ferns pi. 13. 1862.
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Specimens examined: Hawaii, Lichtenthaler N; Maui, Mann &
Brigham 487 N; Wilkes Expedition N; Kauai, Heller 2544 C, N;
Hillebrand B; Lydgate B; Lanai, Hillebrand B; Oahu, Forbes 431
BM ; Hawaiian Islands, Baldwin 59 B, C ; Remy B ; Miss Sessions C.

Christensen, following Diels (E. & P. Nat. Pfl. i
4

: 194. 1899),

makes Cyrtomium caryotideum a synonym of Polystichum falcatum

(L. f .) Diels. However, as Polystichum has free veins and this group

has anastomosing veins, they are separated on that character rather

than combined on the similarity of their indusia. The type of

Polystichum falcatum is from Japan. Thunberg, Fl. Jap. 336. pi.

36. 1784, describes and figures it, but his figure represents

a plant with cordate-falcate leaves not auricled, with scales

at the base of the leafstalk. The Hawaiian plant resembles

Wallich's specimen at Kew, a tracing from which is in the herbarium

of the New York Botanical Garden.

24. TECTARIA Cav. Anal. Hist. Nat. 1: 115. 1799

Rootstock creeping or decumbent; leaves clustered, not

articulate, various in form, chartaceous; veins reticulate with

free included veinlets; leafstalk purplish brown, smooth above,

scaly at the base; sori circular; indusium orbicular, attached at the

Type species: Polypodium trifoliatum L.

Tectaria cicutaria (L.) comb. nov.

Polypodium cicutarium L. Syst. Nat. ed. 10. 2: 1326. 1759-

Aspidium cicutarium Sw. Jour. Bot. Schrad. 18002
: 36- 1801.

Aspidium apifolium Schkuhr, Krypt. Gew. 1
: 198. 1809.

Nephrodium apifolium Hook. & Arn. Bot. Beech. 105. 1832.

Sagenia apiifolia (Schkuhr) J. Sm. Jour. Bot. Hook. 4: 184. 1841.

Type locality; Jamaica, B. W. I. (?).

Distribution: In the tropics, on damp rocks, or in depths of

shady forests.

Illustrations: Pluk. Almag. 156. pi- 296. f. 2. 1692;

Schkuhr, Krypt. Gew. pi. 56b. 1809; Hook. & Grev. Ic. Fil.

pi. 202. 1831.

Specimens examined: Hawaii, Wilkes Expedition N; Maui,

Bailey C; Baldwin N; Robinson 314 V; 328 V; 339 V; Oahu,

Beechey (ex Herb. Mettenius) C; Mann & Brigham 189 N; Robin-
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son 13 V; 18 V; 135 V; Safford 914 N; 915 N; 916 N; TO£es £*£«-

dttam N; Kauai, Heller 2842 C, N; Hillebrand 60 B; Knudsen 68

B; Hawaiian Islands, Baldwin 68 B, C, N; Hillebrand (ex herb.

Berlin) C; Lindley C; ilf-iss Sessions C; ex Herb. Underw. C; ex

Herb. John Donnell Smith N; TOfcw Expedition C, N.

25. NEOTTOPTERIS J. Sm. Jour. Bot. Hook. 3 : 409- *H*

A genus of epiphytic ferns, with fleshy, orchid-like roots,

found in the forests of tropical Asia, Polynesia, Australia, and

Africa. Rootstock erect, short; leaves large, simple, cespitose,

sessile or nearly so, spreading, glabrous, entire, arranged spirally

with short internodes; veins slender, parallel, close (less than 1

mm. apart), oblique to the midrib, connected by a transverse

intramarginal vein at their apices; sori linear, extending from near

the midrib Yi to % the length of the veins in the distal half or

two thirds of the leaf.

Type species: Neottopteris Nidus (L.) J. Sm.

Neottopteris Nidus (L.) J. Sm.; Hook. & Bauer, Gen. Ferns

pi. 113B. 1842

Asplenium Nidus L. Sp. PI. 1079. 1753.

Thamnopteris Nidus Presl, Epim. 68. 1849.

Type locality : Java.

Distribution: On trees and on humus soil in forests, usually

below 700 m., tropical Asia, Australia, Madagascar, and Polynesia.

Illustrations: Hook. & Bauer, Gen. Ferns pi. 113B. 1842;

Breyne, Exot. PL Cent. pi. 99. 1678.

Specimens examined: Hawaii, Wilkes Expedition N; Maui,

Bailey C; Oahu, Didrichsen 3652 C; Gaudichaud B; Hillebrand B;

Meyen B; Robinson 17 V; 103 V; Kauai, Heller 205 C; Hawaiian

Islands, Baldwin 30 C; Mann & Brigham 137 N; Safford 31 N;

Miss Sessions C.

26. ASPLENIUM L. Sp. PI. 1078. 1753

A genus of world-wide distribution, especially well represented

in the temperate zones, though including many tropical forms.

Rootstock erect or creeping; leaves non-articulate, usually

cespitose; blades simple to quadripinn
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branaceous; veins free in Hawaiian species; sori linear upon the

veins, usually oblique to the midrib or leading vein of the pinna,

occasionally parallel with it; indusia attached to veins, opening

towards the midrib; sori occasionally athyrioid or diplazioid.

Leafblades simply pinnate.

Rootstock short, erect; leaves cespitose.

Leafstalk dull green, fiexuose.

Pinnae rhomboidal to flabellate, occasion-

Pinnae auricled at ba

Pinnae not auricled a

Pinnae caudate; sorus shorter

vein; veins distinct.

Leafblade chartaceous; basal scales 1

ceolate; basal

Pinnae serrati
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Leafstalk j

Leafstalk <

Leafblades more than once p

Pinnae lanceolate, approximate; pin-

ipinnate to quadripinnat*

les deltoid or deltoid lanceolate.

Blades broadly deltoid, :[0-20 cm. long. A. Adiantum-nti

Blades deltoid lanceolate

long.

Blades membranace

sions spinulose. A.vexans.

Blades thick, charta

Rachis winged; ultimate divisions

spatulate, U

broad. A. schizophyllu*

Rachis not winged; ultimate divi-
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Asplenium unilaterale Lam. Encyc. 2: 305. 1786

Asplenium resectum J. E. Sm. PI. Ic. Ined. 3. pi. 72. 1790-91.

Asplenium amoenum Presl, Tent. Pterid. 107. 1836.

Asplenium emargino-dentatum Zenker; Kunze, Linnaea 24: 263.

1851.

Type locality: Mauritius.

Distribution: In wet, shady localities, Mauritius, Japan,
China, Polynesia, Hawaiian Islands.

Specimens examined: Hawaii, Robinson 622 V; Wilkes Expe-

dition N; Maui, Bailey C; Lichtenthaler N; Heller 2844 C, N;
Robinson 359 V; 366 V; 380 V; Oahu, Arnott N; Beechey C; Mann
& Brigkam 168 N; Robinson 72 V; 120 V; 122 V; 184 V; Safford

918 N; Kaala Mts., Wilkes Expedition N; Kauai, For&e* 439 BM;
Hawaiian Is., Baldwin 37 C, N ; Miw Sessions C ; J^/fces Expedition

C, N; ex Herb. John Donnell Smith N.

Asplenium rhomboideum Brack. Fil. U. S. Expl. Exp. 156. 1854

Asplenium stoloniferum Presl, Rel. Haenk. 1 .-44. 1825. Not Bory.

Asplenium fragile Presl, Hilleb. Fl. Haw. Is. 589. 1888.

Type locality: Hawaiian Islands.

Distribution: At elevations of 400-700 m., Hawaii and Maui.

Illustrations: Brack. Fil. U. S. Expl. Exp. pi. 21. f. 2.

1854; Presl, Rel. Haenk. 1: pi. 6. f. 4. 1825.

Specimens examined: Hawaii, Mauna Kea, Wilkes Expedition

N; Forest near Cape Lua Pele, Wilkes Expedition N; Maui, Hille-

brand N; Hawaiian Is., Baldwin B, C, N; ex Herb. John Donnell

Smith N.

A. rhomboideum is closely related to the South American A.

fragile and to A. viride of N. Europe and Canada. It differs from

both in the openness of the fronds and flabellate form of the pinnae

as well as in size.

Kunze (Klotzsch, Linnaea 13: 140- 1839) in describing A.

fragile collected by Ehrenberg in Peru gives the length of the

largest fronds as 2 in. He describes the habit as the same as

that of A. viride and makes A. castaneum Schlect. (Linnaea 5:

611. 1830) and A. projectum Kunze (Linnaea 9: 68. 1834)

synonyms. Diels, in E. & P. Nat. Pfl. I
4

: 235. 1899, gives A.

fragile as a doubtful species, while he gives A. castaneum and A.
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projectum true specific rank. Christensen (Ind. Fil.) gives

Asplenium lunulatum Sw. Jour. Bot. Schrad. 1800: 202.

1 801

Asplenium erectum Bory, Willd. Sp. PI. 5: 328. 1810.

Type locality: South Africa.

Distribution: Tropical countries.

Specimens examined: Hawaii, Hillebrand B; Lichtenthaler N;

Maui, Bailey C; Robinson 720 V; 721 V; Kauai, Forbes 377 BM;
Heller 2845 C; Knudsen 147 B; Hawaiian Is., Baldwin 35 N;

Biddlesome N.

Asplenium monanthes L. Mant. 130. 1767

Asplenium monanthemum Murr. L. Syst. Nat. ed. 13. 785. I774»

Asplenium Menziesii Hook. & Grev. Ic. Fil. pi. 100. 1829.

Asplenium leptophyllum Fee, Mem. Foug. 7. 50. pi. 14. f. 2. 1857.

Type locality: Cape of Good Hope.

Distribution: At elevations of 900-1,800 m., South America,

Northern Africa, the Azores, Madeira Islands, Hawaiian Islands.

Illustrations: J. E. Sm. PI. Ic. Ined. pi. 73. 1790-91;

Brack. Fil. U. S. Expl. Exp. pi. 20. f. 2. 1854; Fee, Mem. Foug

7. pi. 14. f. 2. 1857; Hook. & Grev. Ic. Fil. pi. 100. 1829.

Specimens examined: Maui, Bailey C; Bishop 77 B; Hille-

brand B; Lichtenthaler N; Kauai, Knudsen 132 B; Oahu, Diell C;

Hawaiian Is., Baldwin 32 B, C; 1838-42; Wilkes Expedition N.

In the Berlin Herbarium there are two types of A . monanthes,

one lax, spreading, with lobed pinnae, proliferous above, the other

upright, taller, proliferous from lowest axils of pinnae, yet there

is not enough difference to separate them as species.

Asplenium Trichomanes L. Sp. PI. 1080. 1753

Asplenium densum Brack. Fil. U. S. Expl. Exp. 151. 1854.

Type locality: Europe.

Distribution: On rocks in temperate regions; on mountain

sides in the tropics.

Illustrations: Brack. Fil. U. S. Expl. Exp. pi. 20. f. 3> 3a -

1854-
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Specimens examined: Maui, Bailey C; Hillebrand B; Finsch

27 B; Oahu, Mt. Kaa, Macrae B; Hawaiian Is., Baldwin B, C;
Wilkes Expedition B, C; Lindley C.

The difference between A. densum Brack, and the European
A. Trichomanes L. consists in the fewer sori (never more than one

row in the Hawaiian plant) and the more prominent wings upon
the rachis, which suggests the question whether slight differences

between plants widely separated geographically should be regarded

Asplenium pavonicum Brack. Fil. U. S. Expl. Exp. 150. 1854

Asplenium normale Hilleb. Fl. Haw. Is. 588. 1888. Not Don.

Type locality: Saw Mill, Hawaii.

Distribution: In moist, shady forests, Hawaiian Islands;

Illustration: Brack. U. S. Expl. Exp. pi. 20. f. 1, ia, ib.

Specimens examined: Hawaii, Wilkes 50465 N (type); Kil-

auea, Lichtenthaler N; Maui, Bailey C; Lichtenthaler N; Kauai,

Forbes 160 BM ; Heller 2771 C, N ; Knudsen 10 B ; Robinson 823 V;

Oahu, Heller 2218 C; Safford 976 N; 977 N; Hawaiian Is., Baldwin

33 C ; Lydgate B ; Macrae B ; Van Ingen C ; ex Herb. John Donnell

Smith N; Wilkes Expedition B.

A. pavonicum is very nearly related to A. normale Don from

Ceylon, but differs in the form of the pinnae and in size.

Asplenium pseudo-falcatum Hilleb. Fl. Haw. Is. 597. 1888

Type locality: Hawaiian Islands.

Distribution: Hawaiian Islands.

Specimens examined: Hawaii, Hillebrand B; Robinson 628 V;

620 V; 279 V; Wilkes Expedition N; Maui, Lichtenthaler C;

Robinson 716 V; 710 V; ex Herb. John Donnell Smith N; Oahu,

Hillebrand B; Remy B; Robinson 144 V; 173 V; Hawaiian Is.,

ex Herb. Mt. Holyoke College C.

From the forms of A. lobulatum the pinnae of which are little

divided, A. pseudo-falcatum is distinguished by its chartaceous

texture in contrast to the coriaceous texture of A. lobulatum.
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each other.

others, the sori borne n adjac ent vc

Aspleilium kauaiense (Hilleb.) sp. no\

Aspleniun1 Mannii var. kauaiimse Hilleb. Fl. Haw. ]ts. 595

Aspleniun1 obliquunn Underw. in Heller, Minin. Bot. Stud.

1897. Not Forst.
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Asplenium Kaulfussii Schlect. Adumbr. 29. 1825

A splenium protensum Kaulf. Enum. 167. 1824. Not Schlect.

Asplenium obtusatum Underw. in Heller, Minn. Bot. Stud. 1: 775.

1897. Not Forst.

Type locality: Oahu.

Distribution : Higher forest regions, Oahu, Hawaii.

Specimens examined: Hawaii, Remy B; Baldwin B; Oahu,

Anderson B ; Forbes BM ; Heller 2361 C ; Day B ; Macrae B ; Kauai,

Robinson 843 V; Hawaiian Is., Lydgate B, C ; ex Herb. John Don-

nell Smith 599 N ; Wilkes Expedition N.

The sori are usually of the Asplenium type but in some cases

775-

Type locality: Kauai.

Distribution: Hawaiian Islands.

Specimens examined: Kauai, Knudsen 103 (type) B; 104

B; 105 B; Heller 2486 C, N; Hawaiian Is., Wilkes Expedition N.

Asplenium enatum Brack. Fil. U. S. Expl. Exp. 153. 1854

Asplenium lucidum Underw. in Heller, Minn. Bot. Stud. 1: 774-

1897. Not Forst.

Type locality: Kaala Mts., Oahu.

Distribution: Hawaiian Islands.

Illustration: Brack. Fil. U. S. Expl. Exp. pi. 21. /. /. 1854-

Specimens examined: Oahu, Wilkes Expedition N; Maui,

Bailey C; Bishop B; Lydgate B, C; Mann & Brigham 485 N '

Hillebrand B; Kauai, Forbes 53 BM; Heller 2692 C, N; Kauai,

Van Ingen C; Robinson 840 V; Oahu, Day 79 B; Hillebrand B;

Lichtenthaler N; Safford 871 N; Wilkes Expedition C, (type) N;

Hawaiian Is., Baldwin 38 C, N; Miss Sessions C; ex Herb. John

Donnell Smith 38 N; 39 N; ex Herb. Mt. Holyoke College C.

Asplenium Hillebrandii C. Chr. Ind. Fil. 115. 1905

Asplenium Mannii Hilleb. Fl. Haw. Is. 594. 1888. Not Hook.

Type locality: Waianae Range, Oahu.
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Distribution: Hawaiian Islands.

Specimens examined: Oahu, Hillebrand B, C; Safford 917 N;
Hawaiian Is., Miss Sessions C.

Asplenium contiguum Kaulf. Enum. 172. 1824

Type locality: Oahu, Hawaiian Islands.

Distribution: Hawaiian Islands.

Specimens examined : Hawaii, Mann & Brigham 160 N ; Maui,

Hillebrand B ; Robinson 325 V; 382 V; 712 V; Wilkes Expedition N;
Lichtenthaler N; Kauai, Knudsen 140 B; Oahu, Bartsch 29 N;

Forbes BM; Heller 2115 C, N; Mann & Brigham 156 N; Safford

902 N; 903 N; 911 N; Remy B; Wilkes Expedition N; Molokai,

Hillebrand B ; Hawaiian Is., Baldwin 40B, C,N; 42 C; Lindley C.

Asplenium caudatum Forst. Prod. 80. 1786

Asplenium spathulinnm Hilleb. Fl. Haw. Is. 604. 1888.

Type locality: Hawaiian Islands.

Distribution: Tropical countries.

Illustration: Brack. Fil. U. S. Expl. Exp. pi. 22. 1854.

Specimens examined: Maui, Hillebrand 13 B; Robinson 632

V; Kauai, Forbes 636 BM; Knudsen 130 B; 137 B; 141 B; 142 B;

148 B; 149 B; Hawaiian Is., Baldwin B; Gaudichaud B.

Hillebrand, Fl. Haw. Is. 604. 1888, separates Knudsen 141

and J4# as A. spathulinnm on the basis that the pinnae in these

specimens are more deeply incised than in the others. Robinson

632 V shows both deeply cut and simply serrate leaves on the

same plant.

Many of the segments are somewhat diplazioid, because son

arise on both sides of the initial vein and each extends along one

of the forks.

Asplenium nitidulum Hilleb. Fl. Haw. Is. 601. 1888

Type locality: Kauapali, W. Maui, Hawaiian Islands.

Distribution: Hawaiian Islands.

Specimens examined: Maui, Hillebrand B (type); Bailey C;

Lichtenthaler N; Oahu, Heller 2055 C; Hawaiian Is., Baldwin N.

This is separated from A. contiguum on

and the acuminate apices of its pinnae in con

often recurving pinnae of the latter.

character

1 the lax and
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Heller 2055, though soriferous and apparently typical as to size

and form of pinnae, has laciniate leaf blades on each plant that

present the same ragged appearance that Hillebrand describes

for A. contiguum var. laciniatum. Some of the specimens are

diplazioid.

Asplenium horridum Kaulf. Enum. 173. 1824

Type locality: Oahu.

Distribution: In valleys above 500 m. elevation; South

Pacific Islands and Hawaiian Islands.

Illustration: Hook. Sp. Fil. 3: pi. 193.

Specimens examined: Hawaii, Remy B; Robinson 204 V;

Maui, Bishop 55 B; Oahu, Anderson B; Forbes BM; Hillebrand

B; Lichtenthaler N; Mann fir Brigham 58 N; Hillebrand B; Safford

908 N; Wilkes Expedition N; Kauai, Heller 2853 C, N; Knudsen

116 B; Hawaiian Is., Baldwin 45 B, C, N; Gaudichaud B; Wilkes

Expedition C, N; Miss Sessions C.

Asplenium glabratum sp. now

Rootstock short, scaly; leaves cespitose; leafstalk 25-50 cm.

long, dull green to steel-blue, naked; blade 35-70 cm. X 1 1-20

cm., oblong, lanceolate, coriaceous, dull green; pinnae 5-10 cm.

X 11-12 mm., oblong-lanceolate, cut into obliquely obovate,

sometimes recurving lobes; veins flabellate; sori on the anterior

vein in each lobe parallel to the midrib and also on other veins.

Asplenium horridum var. B. Hilleb, Fl. Haw. Is. 604. 1888.

Asplenium horridum Kaulf. var. Underw. in Heller, Minn. Bot.

Stud. 1: 774. 1897.

Type locality: Woods of Kahuku and Kahana, Oahu.

Distribution: Oahu and Kauai, Hawaiian Islands.

Specimens examined: Kauai, Heller 2588 C. (type), N;

Hawaii, Robinson 295 V; Oahu, Hillebrand B.

This species is distinguished from A. horridum Kaulf. by the

smoothness and dull steel-blue color of its leafstalk and midrib,

and by the greater number of sori which extend along the flabellate

veins of the pinnae.

Asplenium lobulatum Mett. in Kuhn, Linnaea 36: 100. 1869

Type locality: Oahu, Hawaiian Islands.

Distribution: Hawaiian Islands.
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Specimens examined: Hawaii, Mann & Brigham 167 N;
Robinson 612 V; 707 V; Wilkes Expedition N; Maui, Bailey C;
Robinson 348 V; 371 V; Oahu, Heller 2115 C, N; Mann & Brigham
517 N; Oahu, Robinson 138 V; 146 V; Kauai, Van Ingen C; Miss
Sessions C.

The following specimens are diplazioid in certain pinnules:

Bailey C ; Van Ingen C ; Meyen B ; Miss Sessions C ; Wilkes Expedi-

tion N.

Asplenium varians Hook. & Grev. Ic. Fil. pi. 172. 1830

Type locality: Nepal.

Distribution: Japan, China, Ceylon, Africa, Hawaiian Is-

Illustration: Hook. & Grev. Ic. Fil. pi. 172. 1829.

Specimens examined: Maui, Lichtenthaler N; Baldwin 53 B,

C, N; ex Herb. John Donnell Smith N.

Hooker and Greville state that this is not mentioned in Wal-

lich's list of the plants in the herbarium of the East India Company,

though he collected it at Nepal in 18 18 and presented the type

specimen to Dr. Hooker at Kew (Ms. Herb. Hook.).

Asplenium Macraei Hook. & Grev. Ic. Fil. pi. 217. 1831

Asplenium strictum Brack. Fil. U. S. Expl. Exp. 168. 1854.

Asplenium erectum Macraei Hilleb. Fl. Haw. Is. 590. 1888.

Asplenium rhizophyllum Heller, Minn. Bot. Stud. 1: 775- I&97-

Not Kunze.

Asplenium lunulatum var. C. Chr. Ind. Fil. 119. 1906.

Type locality: Oahu.

Distribution: On ground in open woods, Hawaiian Islands.

Illustration: Hook. & Grev. Ic. Fil. pi. 217. 1831.

Specimens examined: Hawaii, Hillebrand B; Safford 99 N;

Oahu, Heller 2117 C, N; Hillebrand B; Mann & Brigham 173 N;

Macrae B; Robinson 136 V; 139 V; 164 V; Safford 897 N; Wilkes

Expedition N; Kauai, Forbes 390 BM; 2764 C, N; Knudsen no
B I 133 B ; 145 B ; 146 BM48B; Lichtenthaler N ; Wilkes Expedition

N; Hawaiian Islands, Baldwin 36 C; Miss Sessions C; ex Herb.

John Donnell Smith N; Wilkes Expedition C, N.

Hillebrand 's Asplenium erectum e myriophyllum doubtless be-
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longs here. Heller 2764, Knudsen 145, Baldwin 36, and Gaud-

ichaud (B) conform to the e type, which has slender, spaced

pinnules, while Heller 2117 and Heller 2764 have both open and the

compact forms of leaf upon the same plant. Occasionally a sorus

is diplazioid.

Hillebrand describes A. erection as having a smooth rachis,

while A . Macraei has a winged rachis.

The original description of A . lunulatum (Sw. Jour. Bot. Schrad.

18002
: 52. 1 801) gives the pinnae as rhomboid, ovate, crenulate;

the African specimens are simply pinnate, the pinnae being

auricled.

Asplenium Lydgatei Hilleb. Fl. Haw. Is. 596. 1888

Type locality: Niu, Oahu.

Distribution : Known from type locality only.

The plant is represented at Berlin by two specimens collected

by Lydgate in 1871.

Asplenium Goldmannii Underw. in herb., nom. nov.

Tarachia polyphylla Presl, Epim. 83. 1849.

Asplenium polyphyllum Hilleb. Fl. Haw. Is. 607. 1888. Not

Bert.

Type locality: Oahu, Hawaiian Islands.

Distribution : Hawaiian Islands.

Illustration: Mett. Aspl. pi. 5./. 23. 1859.

Specimens examined: Oahu, Baldwin 51a B, C; Forbes BM;
V

Wilkes Expedition N; Lydgate B; Hawaiian Islands (collector

unknown) C.

Asplenium acuminatum Hook. & Arn. Bot. Beech. 106. 1832

Type locality: Hawaiian Islands.

Distribution: Hawaiian Islands.

Specimens examined: Maui, Bailey C; Baldwin 51b B;

Sic B; Hillebrand C; Robinson 376 V; Oahu, Forbes BM; Hille-

brand B; Robinson 149 V; 151 V; 186 V; Wilkes Expedition N;

Lichtenthaler N; Kauai, Forbes 85 BM ; 140 BM ; Robinson 42$ V;

479 V; 488 V; 497 V; 702 V; Hawaiian Islands, Baldwin 51 C '

N, C; Mann & Brigham 494 N; Wilkes Expedition N; ex Herb.

John Donnell Smith N.
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Asplenium furcatum Hilleb. Fl. Haw. Is. 604. 1888. Not
Thunb.

Type locality: Haleakala, Maui.

Distribution: Hawaiian Islands.

Illustration: Hook. & Grev. Ic. Fil. pi 189. 1831.

Specimens examined: Hawaii, Baldwin 50 B, C, N; Wilkes

Expedition N; Maui, Bailey C; Baldwin 44 (type) B, C, N; Robin-

son 353 V; 392V; 796 V; Wilkes Expedition N; Oahu, Mann &
Brigham 261 N ; Wilkes Expedition N ; Kauai, Forbes58 BM ; Heller

2872 C, N; Van Ingen C; Hawaiian Islands, Baldwin 49 C; Wilkes

Expedition C.

A. rhipidoneuron may be separated into two forms.

Pinnae 6-15 cm. long, acuminate.

This will scarcely separate them as two species, but it is

interesting as it suggests the possible crossing of A. lobulatum

and A. cuneatum.

Asplenium insiticium Brack. Fil. U. S. Expl. Exp. 161. 1854

Asplenium cristatum Brack. Fil. U. S. Expl. Exp. 163. 1854.

Not Lam.

Type locality: Hawaiian Is., in forests.

Distribution: Hawaiian Is., Philippine Is., New Caledonia.

Illustration : Brack. Fil. U. S. Expl. Exp. pi. 22. f. 2. 1854.

Specimens examined: Hawaii, Wilkes Expedition N; Mann

& Brigham N; Maui, Bailey C; Hillebrand B; Lichtenthaler N;

Waiopua, Lichtenthaler N; Oahu, Baldwin B; Forbes BM; Heller

2310 C, N; Hillebrand B; Nuuanu, Robinson 142 V; Hillebrand B;

Hawaiian Is., Baldwin 41 C; 43 C,N; Wilkes Expedition N; ex

Herb. John Donnell Smith N.

A. insiticium Brack, is a more delicate fern than A. lobidatum.

The following specimens are diplazioid: Asplenium mstttctum

grandipinnatum Hillebrand B; Asplenium insiticium pseudoniti-

dum Hillebrand B.
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Asplenium cuneatum Lam. Encyc. 2: 309. 1786

Type locality: Jamaica, B. W. I.

Distribution: West Indies, Philippine, Fiji, Samoan, and

Hawaiian Islands.

Illustrations: Sloane, Hist. Jam. 1 : 46./. 2. 1707. Brack.

Fil. U. S. Expl. Exp. pi. 21. 1854.

Specimens examined: Maui, Robinson 344 V; 702 V; Kauai,

Heller 2865 C, N; ex Herb. John Donnell Smith N.

This differs from A. insiticium in texture and color and is

smaller than the average specimen of the latter, though their

Asplenium parallelum Baker, Hook. & Baker, Syn. Fil. 486.

1874

Asplenium bipinnatum Hilleb. Fl. Haw. Is. 595. 1888.

Type locality: Niu, Oahu.

Distribution: Known from type locality only.

Specimens examined: Hillebrand B.

This plant is represented by one sheet labelled Asplenium

fiaccidum which is placed with Asplenium Lydgatei, at Berlin.

It differs from A. Lydgatei in being more sturdy in habit and firmer

Asplenium patens Kaulf. Enum. 175. 1824. Not Hook. & Arn.

Not Gaud.

Type locality: Oahu.

Distribution: Hawaiian Islands.

Illustration: Hook. Sp. Fil. 3. pi. 203. i860.

Specimens examined: Oahu, Hillebrand B; Maui, Hillebrand

B, K; Lydgate B.

This rare species resembles A . cuneatum in habit in spite of its

larger size and tripinnate divisions.

Asplenium Adiantum-nigrum L. Sp. PI. 1081. 1753

A. patens Gaud. Voy. Freyc. Bot. 320. 1828. Not Kaulf.

Type locality: Southern Europe.

Distribution: Tropical countries.

Specimens examined: Hawaii, Lichtenthaler N; Mann &
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Brigham 259 N; District of Waimea, Wilkes Expedition N;
Mauna Kea, Wilkes Expedition N; Mauna Loa, Wilkes Expedition

N; Maui, Hillebrand B; Haleakala, Hillebrand B; Finsch 8 B;

Wilkes Expedition N; Bailey C; Kauai, Knudsen B; M/£ej Expe-

dition N; Hawaiian Islands, Baldwin 48 B, C, N, V; Gaudichaud

B; M/^5 Expedition B, C; £>0«g/<w B; Hillebrand B; ex Herb.

John Donnell Smith N.

Gaudichaud's specimen in the Berlin Herbarium is labelled

"Forma acutum Bory, var. Onopteris L.," but the plant is not

distinguishable by dentation or by other characteristics from other

specimens of A. Adiantum-nigrum.

Asplenium vexans Heller, Minn. Bot. Stud. 1: 776. 1897

Type locality: Slopes of Konahuanui, above Manoa, Oahu.

Distribution: Hawaiian Islands.

Specimens examined: Oahu, Heller 2058 (type) C; Robinson

V; Baldwin V.

Asplenium schizophyllum C. Ch. Ind. Fil. 131. 1905. Not Sw.

A. dissectum Brack. Fil. U. S. Expl. Exp. 170. 1854. Not Sw.

Type locality: Hawaii.

Distribution : On ground and on trees, Hawaiian Islands.

Illustration: Brack. Fil. U. S. Expl. Exp. pi. 24. 1854.

Specimens examined: Hawaii, Baldwin 5id B, C; Hillebrand

B, C; Lydgate B; Maui, Hillebrand B; Oahu, Wilkes Expedition

N; Kauai, Forbes 361 BM; Heller 2765 C, N; Knudsen 113, 115

B; Johnson B; Hawaiian Islands, Baldwin 49 N; Wilkes Expedi-

tion N.

Asplenium sphenotomum Hilleb. Fl. Haw. Is. 599. 1888

Type locality: Hawaiian Islands.

Distribution: In forests at 1,300-1,600 m. elevation, Hawai-

Specimens examined: Hawaii, Hillebrand B; Maui, Baldwin

52 B; Kauai, Forbes 339 BM; 420 BM; Knudsen 108 B; /// B;

Hawaiian Islands, Baldwin 52 N.
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Species inquirendae

Asplenium pellucidum Lam. Encyc. 2: 305. 1786

Type locality unknown.

Distribution : Malaysia-Polynesia.

Specimens examined: Ex Herb. Kunth; Meyen B.

One specimen with auricled pinnae 52-jugate, and correspond-

ing in other respects to A. pellucidum Lam. is in the Berlin Her-

barium and was originally in Kunth 's Herbarium given by Dr.

Meyen in 1833. The specimen is no doubt correctly named but

correctness of the locality seems doubtful.

Asplenium meiotomum Hilleb. Fl. Haw. Is. 596. 1888

Type locality: Wailupe, Oahu.

Distribution: Known from type locality only.

Specimens examined: Hillebrand B.

This is represented by a single sterile specimen at Berlin, but

Hillebrand 's description proves that this is not his entire collection

of the plant. It may be a teratological form.

Asplenium Knudsenii Hilleb. Fl. Haw. Is. 601. 1888

No specimen so labelled or corresponding to Hillebrand's

description was found in the Berlin Herbarium.

27. ATHYRIUMRoth, Mag. Bot. Roem.&Ust. 2 1
: 105. 1799

Rootstock short, suberect; leafstalks non-articulate, basal

scales usually thin-walled; blades thin, herbaceous, 1-3-pinnate;

veins free; vascular bundles of leafstalk in two strands at base,

uniting above; sori linear or curving across the vein, or roundish

at the end of a vein ; indusia corresponding with the sorus in shape,

or rarely absent.

be. A. deparioides.

I beyond the margin of the lobe, in some cases

of pinnule

A. Baldwin*.
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Athyrium deparioides (Brack.) Christ, p. p. Farnkr. Erde

223. 1897

[Excl. description and figures]

Asplenium deparioides Brack. Fil. U. S. Expl. Exp. 172. 1854

Athyrium proliferum C. Chr. p. p. Ind. Fil. 145. 1905.

Type locality: Kaala Mts., Oahu.

Distribution: Hawaiian Islands.

Specimens examined: Oahu, Baldwin B; Baldwin 77 B;

Forbes BM ; Hillebrand B ; Lydgate B ; Kauai, Forbes 32 BM ;
Forbes

215 BM; Forbes 238 BM; Heller 2303 C; Heller 2690 C; Baldwin

47b C ; Hawaiian Is., Baldwin 47 C.

Athyrium proliferum (Kaulf.) C. Chr. p. p. 145. 1905

Dicksonia prolifera Kaulf. Enum. 225. 1824.

Deparia Macraei Hook. & Grev. Ic. Fil. pi. i$4- 1829.

Cibotium proliferum PresI, Tent. Pterid. 69. 1836.

Asplenium deparioides var. y, Hilleb. Fl. Haw. Is. 615. 1888.

Athyrium deparioides Christ, p. p. Farnk. Erde 223. 1897.

Deparia triangularis Underw. in Heller, Minn. Bot. Stud. 1
:
778.

1897.

Type locality: Oahu.

Distribution: In wet woods, 300-600 m. elevation, Hawaiian

Islands.

Illustrations: Hook. & Grev. Ic. Fil. pi. 154- 1829; Christ;

Farnk. Erde 223. 1897.

Specimens examined: Oahu, Baldwin B; BeecheyC; Bracken-

ridge N; Forbes BM; Lichtenthaler N; Kauai, Heller 2740 C,

Heller 2057 C.

Athyrium Poiretianum (Gaud.) PresI, Tent. Pterid. 98. 1836

Asplenium Poiretianum Gaud. Voy. Freyc. Bot. 321. pi- *J. 1832.

Allantodia scandicinum Kaulf. Enum. 179- l836-

Asplenium scandicinum Underw. in Heller, Minn. Bot. Stud. 1:

775- 1897. Not PresI.

Type locality: Oahu.

Distribution: In wet forests, at altitudes of 200-300 m.,

Hawaiian Islands.

Illustration: Gaud. Voy. Freyc. Bot. pi. 13'• l832-
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Specimens examined: Hawaii, Robinson 616 V; 625 V; Maui,

Bailey C ; Finsch B ; Hillebrand B ; Robinson 715 V ; Oahu, Chamisso

B; Diell C; Forbes BM; Hillebrand 27 B; Macrae B; Meyen B;

Kauai, ife/fez- 2623 C; Hillebrand 118a B; Hawaiian Is., Baldwin

53 B, C ; Gaudichaud (type) B ; ikfus Sessions C ; TO&es Expedition

C.

Athyrium Baldwinii (Hilleb.) C. Chr. Ind. Fil. 140. 1905

Asplenium Baldwinii Hilleb. Fl. Haw. Is. 618. 1888.

Type locality: Kauai.

Distribution: High altitudes, Kauai.

Specimens examined: Kauai, Bailey C; Baldwin 54 (type)

B, C, K; Forbes 125 BM ; 240 BM ; Robinson 402 V; 426 V; 458 \r

;

4<5i V; 464 V.

The sori are subapical in this species and a fibrillose scale

appears at the base of almost every pinna, while the sori of A.

Poiretianum are typically medial or proximal upon the veins.

28. DIPLAZIUM Sw. Jour. Bot. Schrad. 18002
: 61. 1801

Rootstock short, creeping or suberect; leafblades simple to

quadripinnatifid ; basal scales of leafstalk clathrate, with or with-

out glands; vascular bundles two at the base of leafstalk uniting

above; veins free, once to several times forked; sori linear, in-

dusiate, often double, the indusium opening as in Asplenium.

Type species: Diplazium plantaginifolium (L.) Sw.

The Hawaiian species of Diplazium form a very natural group,

more firm in texture and coarser in habit than the species of

Athyrium, hence it seems better on account of the limitations of

this paper to follow Diels (Eng. & Prantl, Nat. Pflanzenfam. i 4;

224. 1902) than to place these plants in the genus Athyrium,

following Milde (Bot. Zeit. 24 : 373. 1866) and Copeland (PhilipP-

Jour. Sci. 3: (Bot.) 285. 1908).

light brown; leafblade <
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. long; middle pinnae

pinnatifid; pinnae oblong-lai

Leafblade ovate-oblong, darl

Diplazium marginale (Hilleb.) C. Chr. Ind. Fil. 235. 1905

Asplenium marginal* Hilleb. Fl. Haw. Is. 613. '1888.

Type locality: Molokai.

Distribution : Lower forests, Hawaiian Islands.

Specimens examined: Maui, Lydgate B; Molokai, Hillebrand

(type) B; Oahu, Baldwin 47a B; 47b B; Kauai, Knudsen 151 B.

Diplazium Fenzlianum (Luers.) C. Chr. Ind. Fil. 232. 1905

Asplenium Fenzlianum Luerssen in Wawra, Flora 58: 434. 1875.

Type locality: Hawaiian Islands.

Distribution: In isolated localities, Hawaiian Islands.

Specimens examined: Maui, Bailey C; Oahu, Baldwin B;

Hillebrand B; Lydgate B; Molokai, Hillebrand B; Hawaiian Is.,

Hillebrand B.

Diplazium molokaiense nom. nov.

Asplenium arboreum Hilleb. Fl. Haw. Is. 609. 1888. Not Willd.

Type locality: Molokai, Hawaiian Islands.

Distribution: In wet gulches, Hawaiian Islands.

Specimens examined: Molokai, Baldwin 46 B; Hillebrand

(type) B; Oahu, Baldwin B; Kauai, Forbes 438 BM; Knudsen 102

B.

Diplazium Arnottii Brack. Fil. U. S. Expl. Exp. 144. 1854

Asplenium diplazioides Hook. & Arn. Bot. Beech. 107. 1832.

Not Bory.

Asplenium Arnottii Baker in Hook. & Baker, Syn. Fil. 240. 1867.
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Athyrium Arnottii Milde, Bot. Zeit. 28: 371. 1870.

Type locality: Hawaiian Islands.

Distribution: Lower forests, Hawaiian Islands.

Specimens examined: Maui, Bailey C; Molokai, Hillebrand

B; Oahu, Beechey C; Beratz B; Forbes BM; Heller 2900 C; Hille-

brand B; Kauai, Johnson B; Hawaiian Is., Baldwin 55 C; 56 B, C;

57 C; M«. GrffJuft C; ex Herb. Kewensis C.

Though the rootstock is prostrate, this fern has almost the

appearance of an arborescent form, the leaves reaching a height

of from five to six feet.

The Hawaiians prize the tips of the young fronds as a salad.

Diplazium sandwichianum (Presl) Diels, in E. & P. Nat.

Pflanzenfam. I
4

: 228. 1899

Athyrium sandwichianum Presl, Tent. Pterid. 98. 1836.

Asplenium sandwichianum Hook. Sp. Fil. 3: 225. i860.

Asplenium brevisorum Baker, in Hook. & Baker, Syn. Fil. Ed. 2.

228. 1874.

Type locality: Oahu, Hawaiian Islands.

Distribution: Hawaiian Islands, Peru.

Specimens examined: Hawaii, Beratz B; Robinson 620 V;

Maui, Hillebrand B; Robinson 386 V; Molokai, Hillebrand B;

Oahu, Diell C; Forbes BM; Heller 2073 C; Macrae C; Meyen B

(cotype); Robinson 148 V; 136 V; 160 V; Hawaiian Is., Baldwin

B; ex Herb. Mt. Holyoke College C; Wilkes Expedition C.

Species inquirenda

Diplazium sandwichense Presl, Epim. 85. 1850-52

From Presl's description this seems to be a form very closely

related to Diplazium molokaiense, differing from it in the deeper

cutting of the lobes and the greater length of the auricle.

Meyen's type is doubtless still in Presl's Herbarium in the

Bohemian University at Prague. There seems to have been no

further collection of the plant.

29. SADLERIA Kaulf. Enum. 162. 1824

Sadleria, an endemic Hawaiian genus, is frequently found as a

pioneer on disintegrating lava rock. It differs conspicuously in
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its greater size, rigidity, and the number of its scales, from Blech-

num, with which Brackenridge and Gaudichaud united it on the

basis of the similarity of its sori.

Caudex erect, often aiborescent, more or less clothed wich

scales, or "pulu"; leaves bipinnatifid to bipinnate, 60-180 cm.

long in arborescent species, 25-50 cm. in herbaceous forms, usually

coriaceous; sori linear upon the intercostal arches on either side of,

and parallel to, the midrib of the pinnule, covered by <

indusium; sporangia short-stalked.

Type species : Sadleria cyatheoides Kaulf

.

Leafstalk scaly at base, naked or slightly furfui

sori usually extending nearly the length o

Leafstalk 30-60 cm. long, not sulcate, paleaa

- scales ribless, chaffy;

t S cm. in height; leafstalk 1

Sadleria Souleytiana (Gaud.) Moore, Ind. Fil. 26. 1857

Blechnum Soulcytianum Gaud. Voy. Bonite Bot. pi. 2. f. 7, 8; pi.

134. 1846-49.

Type locality: Hawaiian Islands.
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Distribution : Common in deep wet woods at high elevations

Hawaiian Islands.

Illustrations : Gaud. Voy. Bonite Bot. pi. 2. f. 7, 8. pi. 134.

1846-49.

Specimens examined: Maui, Bailey C; Kauai, Heller 2807 C;

N ; Oahu, Forbes BM ; Hillebrand B ; Lanai, Hillebrand B ; Hawaiian

Islands, Baldwin 24 C; N.

Sadleria cyatheoides Kaulf. Enum. 162. 1824

Blechnum Fontanesianum Gaud.Voy. Freyc. Bot. 397. pl.i5>

Sadleria pallida Hook. & Am. Bot. Beech. 75. 1832.

Blechnum pallidum Brack. Fil. U. S. Expl. Exp. 133, in part, 1854.

Type locality: Hawaiian Islands.

Distribution: Lower elevations, Hawaiian Islands and Su-

Illustration: Gaud. Voy. Freyc. Bot. pi. 15.

Specimens examined: Hawaii, Wilkes Expedition 12 C, N;

13 C, N; Maui, Bailey C; Oahu, ChamissoB; Freycinet K; Gaudi-

chaud B; Hillebrand B; Lichtenthaler N; Macrae C; Mann &
Brigham 188 N ; Safford 866 N ; 867 N ; 868 N; ex Herb. Copeland

N; Kauai, Forbes 40 BM; Hawaiian Islands, Baldwin 23 B, N;

Miss Sessions C; ex Herb. John Donnell Smith N.

Chamisso's type in the Berlin herbarium consists of two

sheets: (1) Leafstalk 15 cm. long with rigid scales at base, blade .

18-jugate, 23 cm. wide; (2) fragment without apex, 16-jugate;

slightly wider.

Sadleria Hillebrandii nom. now

Sadleria pallida Hilleb. Fl. Haw. Is. 582. 1888. Not Hook. &

Am. Bot. Beech. 75. 1832.

Blechnum pallidum Brack. Fil. U. S. Expl. Exp. 133, in part. i854-

Type locality: Kauai, Hillebrand 80 (Herb. Kgl. Bot. Gart.

Berlin).

Distribution : In dry, exposed places, Hawaiian Islands.

Illustration: Plate ii.

Specimens examined: Hawaii, Hillebrand B; Maui, Bailey C;

Oahu, Hillebrand 83 B; Robinson 14 V; 19 V; Kauai, Hillebrand

80 (type) B; Heller 2866 C, N.

Sadleria pallida Hook. & Arn. proves to be a synonym o*
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Sadleria cyatheoides Kaulf. The plants confused under this name
by Brackenridge, Hillebrand, and most later writers form a distinct

species, here named for Hillebrand, since he has most fully de-

scribed it.

This species is one of the first to gain a foothold upon the lava

in the floors of the old craters and is very resistant to dry winds
on exposed bluffs.

Sadleria polystichoides (Brack.) Heller, Minn. Bot.

Stud, i: 788. 1897

Blechnum squarrosum Gaud. Voy. Bonite Bot. pi. 2. f. 1, 6. 1846-

49. Without description.

Blechnum polystichoides Brack. Fil. U. S. Expl. Exp. 134. 1854.

Sadleria squarrosa Hilleb. Fl. Haw. Is. 582. 1888.

Type locality: Hawaiian Islands.

Distribution: In forests on lower slopes of mountains,

Hawaiian Islands.

Illustrations: Gaud. Voy. Bonite Bot. pi. 2. f. 1, 6. 1846-

49.

Specimens examined: Hawaii, Lichtenthaler N; Wilkes Expe-

dition N; Oahu, Forbes BM ; Hillebrand B; Lydgate B; Heller 2392

C, N; Molokai, Hillebrand B; Kauai, Forbes 216 BM; Hawaiian

Islands, Gaudichaud B; Baldwin 25 B, C, N.

Sadleria unisora (Baker) comb. nov.

Polypodium unisorum Baker; Hook. & Bak. Syn. Fil. 307. 1867.

Gymnogramme sadlerioides Underw. in Heller, Minn. Bot. Stud. 1:

781. 1897.

Sadleria squarrosa var. depauperate, Hilleb. Fl. Haw. Is. 583- 1888.

Type locality: Hawaiian Islands.

Distribution: On rocky walls of high plateaus, Hawaiian

Islands.

Illustrations: Underw. in Heller, Minn. Bot. Stud. 1: pi. 43.

1897. Plate 12.

Specimens examined: Kauai, Hillebrand B; Forbes 445 BM;

Heller 2863 C;N.
This is undoubtedly a valid species, rather than an ecological

"variety" of S. polystichoides, as it has been termed by Hillebrand

(Hilleb. Fl. Haw. Is. 583. 1888) , for true S. polystichoides grows in
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the neighborhood of Kilauea, under conditions apparently as

xerophytic as those under which S. unisora is found.

30. DOODIA R. Br. Prod. Fl. N. Holl. 151. 1810

Rootstock short, oblique; leaves clustered, pinnatifid to pin-

nate, coriaceous; leafstalk scaly; veins connected by one or more

arches parallel to the midrib; sori oblong or slightly curved, in one

or more rows parallel to the midrib; indusium membranaceous,

opening toward the midrib.

Type species: Doodia aspera R. Br.

Doodia Kunthiana Gaud. Voy. Freyc. Bot. 401. 1829

Doodia media Hilleb. Fl. Haw. Is. 584. 1888. Not R. Br.

Doodia media var. C. Chr. Ind. Fil. 242. 1905.

Type locality: Hawaiian Islands.

Distribution : Common on banks of streams or in wet woods

at 500-900 m. altitude; Hawaiian Islands.

Illustration: Gaud. Voy. Freyc. Bot. pi. 14.

Specimens examined: Hawaii, Robinson 230 V; 241 V; Maui,

Robinson 305 V; 318 V; 350 V; Oahu, Baldwin N; Macrae B;

Robinson 74 V; Safford 895 N; Wilkes Expedition N; Kauai,

Forbes BM; 252 BM; Heller 2601 C, N; Van Ingen C; Robinson

803 V; 809 V; Hawaiian Islands, Baldwin 26 B, C, N; Baldwin 27

B, C; Gaudichaud B, C; Miss Sessions C; ex Herb. J.
Donnell

Smith N.

This species has been confused by Hillebrand and others with

D. media R. Br. (type from Australia), the lower pinnae of which

become reduced to small triangular auricles. It is safer to main-

tain the species as distinct under Gaudichaud's name. An allied

species with widely spaced pinnae, collected in the Fiji Islands

by Capt. Wilkes, is mentioned by Brackenridge (Fil. U. S. Expl-

Exp. 138. 1854) as a "var. B.-

Mr. C. N. Forbes's D. Kunthiana var. depauperata (252 BM).

collected "on rocky ledges along the main Wahiawa," is so much

smaller than the other plants of D. Kunthiana as to have an

entirely different appearance. However, as to the form of the lea ,

pinnate below, pinnatifid in the upper half, and the form of t

linear-lanceolate scales, they are similar. These small plants a

fin e fruiting condition.



The development of the embryo-sac of Arisaema triphyllu

The development of the embryo-sac of Arisaema triphyllum

was first studied by Strasburger (i) in 1879, and later by Mottier

(2), who published his observations in 1892. Campbell (3, 4) in

his studies on the Araceae has referred to the findings of Mottier

and used them as a basis for comparison. Gow (5), in his intro-

duction to the study of the embryogeny of Arisaema triphyllum,

reviewed the development of the embryo-sac, confirmed the

findings of the second study mentioned above, and added observa-

tions of the division of a primary archesporial cell to form embryo-

sac initials. The writer has been able, after the examination of

several hundred ovules, to verify most of the stages in the embryo-

sac development as set forth in the above-mentioned articles;

but has found some notable points of difference touching the

formation of megaspores from the primary archesporial cell. On

the other hand the writer has found that in some respects the

development of Arisaema triphyllum agrees very closely with that

of Symplocarpus foetidus as shown by Rosendahl (6) in 1909.

The material for the present study was collected in proper

season through four years, 1909-12. The various stages were

secured from as many habitat conditions as possible. All fixing

was done in the field or immediately after the return to the

laboratory. Parts of young spikes and separate pistillate flowers

of older spikes were fixed, some in strong chrome-acetic acid

mixture, and others in chrome-osmic-acetic acid mixture, for

24-30 hours, then washed in running water for 24 hours, and finally

gradually dehydrated. The blackening from osmic acid was in

some cases removed by treatment of the whole specimens with

hydrogen peroxide; but this resulted in considerable shrinkage, so

that the specimens were of very little value. The sections were

stained with safranin-gentian violet-orange G, with occasional

special staining of cell walls with Bismarck brown.

229
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Ovule and megaspore mother cell

The ovules occur in groups of two to six arising from the basal

placenta in each ovary. As it first appears, each ovule is a

rounded conical mass of cells covered by a clearly marked epi-

dermal layer, but otherwise undifferentiated (fig. 4). Soon after

the ovule has reached the stage shown in fig. 4, or about the time

of the appearance of the inner integument, the primary arche-

sporial cell, or megaspore mother cell or cells, may be found at the

apex of the nucellus beneath the epidermis. These cells are hypo-

dermal in origin, and are clearly differentiated from surrounding

cells by their greater size, denser cytoplasm, and larger nuclei.

The time of the differentiation of the sporogenous cells is only

approximately the same as that of the development of the first

integument as will be seen by a comparison of fig. 1, 2, 3, 6, 8.

Fig. 1 and 2 show two and three clearly differentiated megaspore

mother cells, and fig. 6 one such cell with complete periclinal

divisions of the epidermal cells, while the integument in each of

these ovules shows less growth than in fig. 3 where no such cell

can be with certainty distinguished. From one to four megaspore

mother cells have been observed in a single nucellus (fig. i, 7, 8, 9>

11). These are usually in the hypodermal layer at first, although

in a few instances some were beneath that (fig. 2, 11, 19). The

cells in fig. ii and 19 have been removed from the surface by

periclinal division of epidermal cells. In every specimen examined

the megaspore mother cells were contiguous, but in no case was

there found direct evidence that they had been formed by a division

of a primary archesporial cell as suggested by Mottier (2, p. 259),

and by Gow (5, p. 40). The position of the cells in fig. 19 and of

the two cells at the left in fig. i i indicates that such an origin is

possible; but the failure to find other than very rare cases of

nuclear activity in cells which have not arisen by the division of

epidermal cells discredits the probability of such an origin. The

only form of nuclear activity found in clearly differentiated sporo-

genous cells was the synaptic or later stages in the tetrad division.

The fact that in different ovules showing the same general struc-

ture, more than one megaspore mother cell may be found, suggests

the origin of such multiple sporogenous cells by simultaneous

differentiation from hypodermal cells (see fig. i, 2, 8). That
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the division of a primary archesporial cell to form two or more
megaspore mother cells or embryo-sac initials is not universal,

or even regular, is proven by the presence of many ovules showing
the development of but one tetrad of potential megaspores or

but one embryo-sac, without evidence of other crushed or damaged
initial cells (fig. 17, 18, 22, 23, 24). Fig. 7, 9, 13 show cross

sections of the nucellus with the megaspore mother cells variously

arranged.

The tetrad of megaspores

As the inner integument grows and incloses the nucellus, and

the outer integument appears, the megaspore mother cells increase

in size, and the epidermal cells of the nucellus undergo periclinal

division. This periclinal division, shown at its beginning in fig.

2 and 5, takes place more rapidly at the apex, sometimes forming

a layer of four cells above the megaspore initials (fig. 16, 18, 22).

The division of lateral cells is also irregular and results in a final

covering one to three layers of cells in thickness (fig. 10, II, 24).

During these changes in the size and form of the ovule, the mega-

spore mother cells increase rapidly in size, becoming somewhat

broader and much longer than the surrounding cells. Nuclear

changes are also evident, and by the time the outer integument is

well started most of the nuclei of the megaspore mother cells

show either synapsis or closely related conditions preparatory to

the first tetrad division (fig. 7, 9, 12, 14, 16). The first division

of the megaspore mother cell nucleus is quickly followed by the

second, the result being a tetrad of potential megaspores (fig. 18).

The first division is usually followed by the formation of a cell

wall as in fig. 22 and 24, but this is not always the case, as is

shown in fig. 23. These divisions are usually transverse as shown

in the cell at the left in fig. 16, in the middle cell of fig. 15a, and

in fig. 24. The resulting megaspores usually lie in a row parallel

to the long axis of the nucellus (fig. 18). That the first division

may be longitudinal is shown by preparations similar to that in

fig. 10, and that the later divisions may vary from a trans-

verse direction is shown in the upper cell in fig. 22. From such

divisions we might expect the formation of two parallel rows of two

megaspores each, or a row of two parallel to the long axis of the

nucellus with another transverse pair, as described for Symplo-
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carpus foetidus by Rosendahl (6, p. 3). Where more than one

megaspore mother cell is in a nucellus, division of all the nuclei

proceeds regularly and may or may not be simultaneous. The
most nearly simultaneous cases found are shown in fig. 9, 19, 19a.

Finally, limited space probably causes a crowding in such cases,

which results in the checking of activity in some cells and their

destruction by the growth of others, as suggested by the cells at

the left in fig. 15, 15a.

A few preparations show a cell in a position to indicate its

origin as a tapetal cell (fig. i jt) . The same possibility is suggested

by Gow (5, p. 39-40), in fig. 6, and is also mentioned by

Campbell (3, p. 7) for Dieffenbachia Seguine. Such a tapetal

structure is shown to be well developed normally in Symplocarpus

foetidus by Rosendahl (6, p. 2, pi. 1. f. 4 and pi. j. f. 31). The
finding of but one such cell showing disorganization as the mega-

spores develop seems to the writer sufficient evidence to justify

the conclusion that the formation of a functional tapetum in

Arisaema triphyllum is unusual or even questionable.

As has been stated above, during the enlargement and divisions

of the megaspore mother cells, the outer cells of the nucellus

undergo periclinal divisions until the sporogenous cells appear quite

deeply seated. During the same time the nucellar cells become
well filled with starch (fig. 15 and 17). As a result of the later

gametophyte growth, the lateral portion of the nucellus with its

contained food material is consumed, so that the mature embryo-
sac is in contact with the inner integument, except at the apex,

where a cap of nucellar cells persists (fig. 20 and 21). The
temporary storage of food where it is so readily available for use

by the growing embryo-sac may account for the rapid develop-

ment of the latter as given below.

The embryo-sac

One of the megaspores develops into the embryo-sac at the

expense of the others and of the nucellar tissue. Three nuclear

divisions occur in rapid succession as in Symplocarpus foetidus

(6, p. 3). The short time required for these divisions is indicated

by the fact that out of many preparations of material gathered

at one time, and showing about this stage, but very few show
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anything between the first nuclear division of the megaspore (fig.

20) and the mature embryo-sac (fig. 20). The daughter nuclei

of the first division remain centrally located in the cell until after

the second division (fig. 26). Later a normal egg cell and two

synergidae are formed close in the apex of the embryo-sac, and in

some cases three antipodals are present (fig. 20). The antipodal

cells are poorly developed however, only occasionally showing

typical angiosperm structure, and never showing the remarkable

development described by Campbell (3, p. 11) and Rosendahl (6,

p. 5) for other members of the Araceae. As far as the writer has

been able to determine, the polar nuclei show no such fusion as

described by Gow (5, p. 41), but remain separate as in Anthurium

(3, p. 15). In every case where a polar nucleus was observed after

fertilization of the egg, the lower one was found separate, greatly

enlarged, and often disintegrating near the antipodals. Further

details concerning the fate of the polar nuclei and of the antipodal

structure will be more fully dealt with in a subsequent paper.

Where more than one tetrad of potential megaspores are formed

in one nucellus, the usual course of events is for some one cell

from one tetrad to germinate while the other spores are crushed

or broken down. In rare cases more than one embryo-sac have

been found developing in the same nucellus. In one ovule two

well-developed embryo-sacs were found side by side and of approxi-

mately the same size, but unfortunately one lay directly beneath

the other in the section. The only preparation showing two such

structures in the same section is shown in fig. 21. These present

a marked difference in size as well as deficiencies in antipodal

structure. As stated above, such imperfect development of anti-

podals is not rare in otherwise normal embryo-sacs.

The present study has verified most of the findings of other

investigators, but has given results at variance with their reports

in regard to the following points.

(a) The origin of the several megaspore mother cells from a

single primary archesporial cell is doubtful.

The first division in the formation of the tetrad has been prob-

ably mistaken by earlier investigators for a division of a primary

archesporial cell into embryo-sac initials.
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(b) The formation of a tetrad of potential megaspores from
some of which the embryo-sac or sacs develop, instead of from an
archesporial cell, is shown.

(c) More than one embryo-sac may be developed in Arisaema
triphyllum, as Campbell (4, p. 671) has shown for other members of

the Araceae.

(d) The fusion of the polar nuclei is doubtful.

0) The antipodal cells rarely develop fully as in typical

angiosperms.

The writer wishes to express his gratitude to Prof. D. M.
Mottier of Indiana University, at whose suggestion the present

study was undertaken, for his kindly critical and encouraging

Indiana University, Bloomington, Indiana.
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npleted periclinal division of epidermal cells. X225.
Fig. 7- Cross section of nucellus showing layer of 2 to 3 cells surrounding three

Fig. 8. Longitudinal section of the whole ovule and part of ovary walls. X225.
Fig. 9. Cross section of nucellus similar to fig. 7, but showing different ar-

igement of megaspore mother cells. This shows very nearly simultaneous

Fig. 10. Cross section of nucellus showing the spindle of a longitudinal first

Longitudinal section of ovule to show the development of the integu-

time of preparation for first tetrad division. X125.

Cross section of nucellus to show irregularity of periclinal division of

. Sporogenous cells of fig. 19. X830. The nuclei art

Longitudinal section of ovule with two embryo-sacs. X160.





Is salinity a factor in the distribution of Nereocystis Luetkeana? *

George B. Rigg

Under an appointment from the United States Bureau of Soils

the writer has investigated the kelps of the Puget Sound region

as a source of potash fertilizer. This work was done during the

summers of 191 1 and 1912. During 1912 attention was given in

particular to a study of the effect of fresh water on the growth of

the bladder kelp {Nereocystis Luetkeana) as seen in the bed in

Freshwater Bay near the mouth of the Elwha River. The Elwha

is a snow-fed stream originating on the southwestern slope of

Mount Olympus. It flows north and discharges into the Strait

of Juan de Fuca some six miles west of the city of Port Angeles,

Washington. It is the largest stream flowing into the Strait of

Juan de Fuca or Puget Sound from the Olympic Mountains. The

monthly maximum and minimum discharge of this river is reported

in the Report of the United States Geological Survey,fin cubic feet

per second, for the period of October, 1897, to December, 1898.

For the portion of the year 1897 covered by this report the maxi-

mum discharge occurred in November and was 7,075 second feet,

while the minimum occurred in October and was 171 second feet.

For 1898 the maximum (3,282 second feet) occurred in June and

the minimum (330 second feet) occurred in October. The mean

for the period reported is 1,444 second feet. These observations

were taken at McDonald, Washington. This is above the outlet

of Lake Sutherland and also the outlet of Little River, so that the

actual discharge of the river was somewhat greater than the above

figures show. Mr. G. W. Northrup, superintendent of the opera-

tion of the power plant of the Olympic Power Company on the

Elwha, states that the minimum discharge of the river for the

year 1912 has been between 400 and 500 second feet, and that the

maximum reaches an enormous amount each year during flood

water periods, that is, in May and November.

t Published by permission of the Secretary of Agriculture.

* Twentieth Annual Report of the United States Geological Survey. Part IV,
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Freshwater Bay does not form a harbor. The distance in a

straight line from Angeles Point, which marks the eastern side of

the bay, to Observatory Point at its western side is four miles,

while the maximum distance to shore in the bay, measured at a

right angle from the above line, is only one mile. The strong tidal

currents flowing in and out through the Strait of Juan de Fuca

sweep freely through this bay. There is a good beach along prac-

tically the whole bay. The field observations on the kelp beds in

this bay were made on September n and 12. On September II,

the surf was so heavy that it was deemed impracticable either to

enter the mouth of the river in the 50-foot launch in which the trip

was made, or to land with a skiff in the more exposed portion of the

bay. The launch was anchored in the more protected portion of

the bay behind Observatory Point. A landing was readily made

with the skiff from this point. On the afternoon of September 12,

the water in the bay was much quieter and we entered the mouth

of the river in the launch.

There is no kelp at all opposite the mouth of the Elwha River.

The river enters the bay by two mouths and the first kelp plants

found were about half a mile west of the west mouth. At this

end of the bed the kelp plants are scattering and of medium size.

A little farther west the bed becomes quite dense, and continues so

to a point near Observatory Point. The bed is not closer to the

bach than one fourth of a mile at any point. The bed is more

than 500 feet wide in places and is over two miles long. There is

also a good deal of kelp around Observatory Point. The bladder

kelp (Nereocystis Luetkeana) is the only kelp found growing in this

bed. Macrocystis pyrifera was found floating in the bay, but not

attached.

Hydrometer readings to determine the density of the water

were made at the most eastern point at which kelp was found in

the bay, at the west end of the bed, and at several intermediate

points. Readings for comparison were made at several points

in the open Strait also. A reading was made in the mouth of

the river and one at a point about 500 feet directly out from the

mouth. All readings were taken at a temperature of 15.5 C,

that being the temperature to which the zero point of the instru-

ment used was adjusted. The water of the river proved to be
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exactly this temperature, while the samples from the kelp bed
and the open Strait varied from 12.

5

C. to 13.

5

C. There was
found to be no difference in the hydrometer readings taken in the

open Strait and those taken at any of the points where kelp grew
in the bay. The reading taken in the mouth of the river was zero.

The reading taken about 500 feet straight out from the mouth of

the river showed about one third as great a salinity as the water
of the Strait and of the bay.

The facts are, then, that a strong tidal current sweeps freely

through this kelp bed, and the water at all points in it shows the

normal salinity of the water of the Strait. So far as this bed is

concerned kelp does not grow in water that has less than the normal
salinity. It does not seem quite possible, however, to say posi-

tively that the lack of normal salinity is the only inhibiting factor

preventing the growth of kelp near the mouth of the river, al-

though it seems to the writer that such is probably the case.

Outside of the question of the salinity of the water, there are at

least three factors that limit the distribution of Nereocystis in the

Puget Sound region. These are rocks for anchorage, a strong tidal

current, and proper depth of the water. The strong tidal current

is present at the mouth of the river, as it is in the other portions

of the bay, and the water is of proper depth for kelp, a little

distance off shore, as it is in the other portions of the bay, where
kelp does thrive abundantly. It may be possible that the silt

brought down by the river has so covered the rocks near the mouth
of the river as to render the attachment of kelp impossible.

Two sets of samples were collected—one set from the extreme
western end of the bed (over three miles from the mouth of the

river) and one set from the extreme eastern end (the portion of the

bed nearest the mouth of the river). The analysis of these

samples is shown in the following table.

The above figures should not be construed as indicating posi-

tively any characteristic difference in the potash content of the

kelp from the two ends of the bed. It will be noted that sample

number 3 has a much higher potash content than any other sample

reported in the table. Neglecting this one, the samples from the

west end of the bed average about one per cent higher in potash

than the samples from the east end. This, however, should be
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considered in the light of the fact that two samples of fronds

collected by the writer in the Brown's Island bed near Friday

Harbor, Washington, in 191 1, and analyzed by Dr. J. W. Turren-

tine of the United States Bureau of Soils differed in their potash

content by 9.7 per cent.*

Locality Portion of «
*XX: 'ST H, 1 H£ 'i'!:

end of bay
j

Fronds 1 17.61 B S 44^70 ' 5i!ii 4^72

It is quite possible that in some states of tide and current the

water may be less saline at the east end of the bed than at the west

end, and that this may account for the slightly lower potash content

in the samples from the east end.

There seems to have been little previous work done on the

influence of the varying salinity of water on the growth of the

Laminariaceae. Setchell f says that " Exact figures are wanting"

and that "Recourse may be had only to general experience and

statements can be couched only in general terms." He says that

a few Laminariaceae "ascend tidal rivers to a slight extent."

The writer has not found any instance of this in the Puget Sound

region, but his investigation particularly of the smaller leaf-like

species has not been by any means complete.

Setchell notes the fact that Fucaceae and Ulvaceae are found

in tidal rivers. This is true in the Puget Sound region. It is

interesting in this connection to note that a Pelvetia plant has even

been found growing in a salt marsh in this region. The specimen

* Sixty second Congress, Second Session. Senate Document No. 190, p. 220.
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referred to was found by Dr. T. C. Frye in a marsh near Toke

Point, Washington.

While the writer has not made any detailed investigations in

regard to the growth of Laminariaceae near the mouth of any

other river than the Elwha, his general observations as well as his

conversations and correspondence with other observers lead him

to believe that kelps are to be looked for in this region only where

the water has practically the normal salinity of sea water.

University of Washington, Seattle.
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Four hybrids of Viola pedatifida

The hybrids between Viola pedatifida and allied species are
m several respects the most interesting among the 75 or 80 that
have appeared in the genus as represented in North America.
At least two of the four are remarkably hardy, almost immune
from attacks of fungus, and comparatively fertile; they are there-

fore well suited for experimental cultures. The marked contrast

in leaf outline displayed in the parents of the several crosses

affords a fine opportunity for studying in detail the many diverse

forms of leaf that emerge in the offspring of the hybrid. The other

opposed parental characters, relating to pubescence, color of

capsule, color of seed, length of peduncle, and villosity of spur

petal, also lead to results well worthy of careful study.

One of these hybrid plants I have had in hand for eight seasons

and have raised from it over 450 offspring, extending through four

generations. It was discovered at Yorkville, 111., May 1905, by
Miss Mary O. Pollard, a former pupil, and may be briefly described

as follows:

1. Viola papilionacea X pedatifida hyb. nov.

Rootstock stout, at length extensively branching horizontally;

leaves broadly deltoid-ovate in outline, cleft into 7-1 1 linear or

oblong lobes, the middle lobe much the widest, glabrous, though
the margins are often scabro-ciliolate ;

petals violet, the odd one
more or less villous; cleistogamous flowers on erect or ascending

peduncles, intermediate in length to those of the parent species;

capsules 8-12 mm. long, infertile, averaging in 12 capsules S\
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seeds; seeds brown, 2 mm. long; offspring notably diversiform.

(Plate 15, Aa.)

Several sowings have been made of the seeds of this hybrid;

but the ten plants of the first brood (236), whose offspring have

been raised for two succeeding generations, are the only ones that

will be here discussed. The forms of leaf found in the ten plants

and in their respective broods of offspring are presented in the

first half of table i. The second half presents the corresponding

facts regarding sixteen offspring of brood 236, plant 3, whose leaf

had a hybrid form, quite the same as that of the mother plant from

Illinois.

Cultures of Viola papilionac DAnFIDAFOR K,,K< KNEK.T

SixreenF, offspring of ^6-

l

Thri

1:1
1;:

U.KhI

I

Number and form

J

I.

I]
J

k;:'™:', -v::;

\
The cultures show that in this hybrid the Mendelian law
trols in a general way the inheritance of leaf form, though there

10 dominance, the hybrid leaf being intermediate between the

/es of the two parents. The plants that resemble V. pedatifida

having parted leaves always produce offspring with parted

res; those that resemble V. papilionacea in having uncut

produce offspring with Ulile iIihm;
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that have the compromise leaf reproduce plants with three forms

of leaf incision, as did the original hybrid. Also in the relative

number of these forms there is an approximation to the Mendelian

ratio 1:2:1. In the above 26 plants (broods 236 and 468),

whose forms were verified by their offspring, there are 9 A's,

11 Aa's, 6 a's, the theoretical ratio being: 6£ i4's, 13 Aas, 6\ a's.

In the 169 offspring of Aa plants, given above for the third and

fourth generations, there are 44 A's, 84 Aa's, 41 a's, the theoretical

ratio being: 42j A's, 84! Aa's, 42 J a's. Here we find, as usual,

that the larger the number of individuals the closer the normal

ratio is realized.

But besides general conformity there are also departures from

the strict Mendelian law. For one thing the hybrid or inter-

mediate leaf varies in different individuals, inclining now more to

the form of the one parent species and now more to the form of the

other. Also the reversionary forms, designated as A and a, are

rarely complete reversions. The A plants, though stable in

producing like parted leaves in succeeding generations, do not

have leaves as deeply parted as in V. pedatifida; and the a plants,

though plainly uncut and stable, usually have teeth noticeably

longer than in normal V. papilionacea, sometimes even pectinate.

(Plate 15, fig. a.)

Another cause often conspires to increase these differences in

leaf pattern: the presence of minor hybrid characters that inde-

pendently adjust their special conflicts of hybridity. For example,

the leaf of V. pedatifida is usually truncate or even cuneate at the

base, that of V. papilionacea usually cordate. A hybrid offspring

may inherit the broad truncate base of the former with the uncut

margin of the latter. Sometimes in the hybrid leaf the lobes are

entire, and obtuse at the tip; sometimes, as in the normal leaf of

V. pedatifida, the lobes are again cleft or toothed on the outer

margin, and acute at the tip.

In these various ways there has arisen in the numerous progeny

of the hybrid under discussion a considerable diversity of foliage,

such as would present insoluble difficulties to a taxonomic student,

who did not know that these diverse forms all came from one

individual, by close-fertilized reproduction, in the short period

of three or four rears. The extreme differences are such as would
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warrant the making of several distinct species, according to the

hasty methods of ordinary practice.

The hybrid V. papilionacea X pedatifida seems not to be rare

in the Middle West. I cite a few interesting examples: M. A.

Castleton 25, Vinita, Okla., April 18, 1891; distributed as " V.

pal'mata"* From the United States National Herbarium in 191

1

was distributed with printed ticket: " Viola Bernardi Greene,

Freeport, 111., Charles F. Johnson, May 15, 1899; determined by

Dr. E. L. Greene and Philip Dowell." The plant is quite the same

as the hybrid under discussion from Yorkville, 111., and seems to

represent Dr. Greene's present conception of his species. V.

indivisa Greene is also a derivative form of this hybrid; the

" type " from Prairie Junction, Minn., E. L. Greene coll., July 7,

1898 (Pittonia 5: 124.pl. 13. 1903). Also along railway, Naper-

ville, 111., L. M. Umbach, May 18, 1897. (Cf. Leaflets 1: 182.

1906.)

2. Viola pedatifida X sagittata hyb. nov.

Plant becoming cespitose, the rootstock dividing into several

erect branches; leaves that develop after petaliferous flowering

finely pubescent especially beneath and on the upper portion of

the petiole, the blades subcordate-ovate in outline (the width

about § the length), cleft into 6-8 oblong-linear lateral lobes and a

broad slightly toothed terminal lobe, the leaves of late summer
relatively broader; petals violet, the three lower villous; apetalous

flowers and fruit on erect peduncles as long as the petioles; auricles

of sepals long and divergent; capsules green, 6-10 mm. long,

often quite infertile; seeds intermediate to those of the two parent

species in size and color; offspring much unlike each other in

foliage, but blades always incised or coarsely toothed toward the

base. (Plate 16, fig. Aa.)

This hybrid first attracted my attention in a parcel of violet

specimens collected in central Illinois by Mr. V. H. Chase, and

sent me in November 1907 for determination. It was found in

undisturbed prairie soil along the right of way of the Rock Island

and Peoria Railroad, just north of the south boundary of Stark

County. At the same place and time were collected V. pedatifida

and pubescent V. sagittata, the three plants bearing the conse-

cutive numbers 1356-7-8. The anomalous plant impressed me as

* Regarded as V. liarum by Mr. Pollard, and apparently the basis for accrediting
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distinct from V. pedatifida X sororia, discussed below, and as a

cross between the two species with which it grew. Mr. Chase,

to whom I appealed for living plants, found that the station had

been recently burned over; but the following May he discovered

another colony along the railway a half mile farther south ( V. H.

Chase 1619). The stocky specimen sent was easily divided, and

six or eight vigorous plants were obtained during the season of

1908. Mr. Chase reported that the pubescent V. sagittata " was

very abundant, thousands of plants cover the ground with a blue

carpet, mostly where the land was a little low and damp. V.

pedatifida seemed to prefer rather drier ground. The hybrid was

invariably with V. pedatifida, on fairly dry soil; and V. sagittata

was never more than a few rods away."

During the season of 1909 I grew nineteen offspring of Chase

1619, and they gave abundant evidence as to the taxonomic status

of the mother plant. Leaves of nine of these offspring are figured

in plate 16 and indicate something of the marked diversity of

form resulting from the combination, in the leaf of the original

hybrid, of at least four pairs of opposed characters,* that blend

or segregate, independently and variously, in the several offspring.

3. Viola pedatifida X sororia hyb. nov.

Becoming cespitose with multicipital caudex; leaves that

expand at petaliferous flowering 9-13-cleft, the lateral lobes

broadly linear, usually with one or two coarse teeth on the outer

edge toward the apex, the middle lobe much broader and incised

on either side, the upper face somewhat hirtellous, the lower

surface and the petioles villous; the leaves of summer larger and

less deeply cleft; apetalous flowers on rather short, erect or ascend-

ing peduncles; the capsules somewhat blotched with purple,

bearing 5-20 brown seeds 2 mm. long; offspring markedly dis-

similar. Not rare on prairies of the Middle West. (Plate 17.)

I am greatly indebted to the kindness and skill of Mr. Chase

for the abundant and excellent material used in the study of this

hybrid. Collectors in this region know that the native flora of

the open prairies is now largely restricted to untilled strips of land
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along the borders of railways. On May 16, 1909, Mr. Chase,

whose bicycle was adjusted to run on rails, traversed in 5 hours the

24 miles between his home at Wady Petra and the town of Galva.

In order to make the return by train, he says, " I could not

stop to hunt along the way; but whenever I saw a cut-leaved

violet that was not V. pedatifida I stopped for it." The twelve

numbers of living plants collected on this trip reached me safely,

and all have flourished in the Vermont garden.

The status of hybrid plants in the wild is well shown by a

detailed study of these specimens and of their offspring; for all

but two sterile plants have been reproduced by seed. The main

points regarding them, that have a bearing on the present problem

of hybridism, are presented in the following tabular synopsis

U-.W-. <£* s«,„„„,

1 1948

Bb
Bb
Bb
Bb

C . D

C D

Cc Dd
c Dd

Cc Dd

t

Nos. 1 95 1 and 1956 are V. pedatifida; and I have added to the

list, though not collected May 16, 1909, V. sororia, the other

parent of the hybrid under discussion; specimens of this had
been previously sent me by Mr. Chase from four stations in his

vicinity. No. 1958 is the prairie form of V. papilionacea, named
V. pratincola by Dr. Greene (Pittonia 4: 64. Jl 1899). These
three are common and widespread species of the Prairie States

from Canada to Texas; the first and third reach westward to the

mountains of Colorado.

Four of the numbers are the hybrid V. papilionacea X peda-
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tifida, already discussed in this paper. Of these no. 1950 flowers

freely in May with showy flowers, that often appear also in July

and August; but apetalous flowers are rare, and neither sort has

been found to produce seed. The three others are also nearly

sterile, bearing only 5-10 seeds to a capsule; but none of the

three turns out to be like the Pollard plant from Yorkville in being

a first cross (or Fi), the form to be selected as the starting point

for experiments on the laws of inheritance in hybrid offspring.

No. 1952 has an uncut leaf as in V. papilionacea and a green

colored capsule as in V. pedatifida, both recessive or reversionary

characters never found in a first cross. No. 1949, on the other

hand, has the hybrid leaf and the hybrid capsule color but the

buff seeds of V. pedatifida and is therefore another subhybrid.

No. 1947 consists of five plants, the seeds of which differ in color,

and the leaves of which, though somewhat incised, display at

least three unlike patterns; the five plants therefore must be

considered the offspring of an earlier hybrid.

The remaining plants of the 1909 collection are equally variant

forms but of V. pedatifida X sororia. No. 1957 is of dwarf habit

and has the compromise or hybrid leaf; but though vigorous and

multiplied by division into eleven plants, it has failed to yield a

single seed. No. 1955 (six plants by division) has a leaf more

deeply cut that the others, and this style of leaf reappears in all

its offspring. In this we see a reversion, far from complete but

stable, to the leaf of V. pedatifida. No. 1953 (again six plants

by division) has the pure green capsules of V. pedatifida, as have

also its offspring, and so is another subhybrid. But the two

remaining numbers, i 954 and 1948, seem to be the desired first

product of hybridism, all the four pairs of opposed characters in

the double parentage appearing in a compromise form in both

numbers. A flowering specimen of 1954 was distributed in my
" violets of eastern North America, 1910," no. 121

;
and in no. 122

are shown two sister offspring, one with the uncut leaves^of V.

sororia, the other with the parted leaves of V. pedatifida.* No.

A-ith uncut leaves w
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1948, being unusually fertile for a hybrid, was chosen for the basis

of a somewhat detailed study of the reproductive behavior of a

tetrahybrid.

During the season of 191 o twenty-one plants were grown from

the seeds of Chase IQ48. In August nearly all bore cleistogamous

flowers, which matured several capsules of seeds. These were

sown about December 1 in shallow boxes and placed in a cold

frame with no protection from the winter weather but a covering

of burlap. In the spring of 191 1 all but seven of these sowings

gave broods of F3 offspring, containing each 6-18 plants. These

have been carefully observed for two seasons and the characters

of each plant noted as respects leaf incision, pubescence, color of

capsule, and color of seed, four qualities in which the parent species

were opposed. In each of these four qualities the plant resembled

either V. pedatifida, V. sororia, or their hybrid; and in most

instances the data were at hand, and clear enough, to determine

at once this resemblance by inspection. In the case of the sixteen

F2 plants of brood 781, here made use of, the characters were

verified by the behavior of their offspring, the reversionary

forms always proving stable, the hybrid forms always unstable.

The details of this experiment are given in table hi, in

which the symbols Aa, Bb, Cc, Dd denote the blend or hybrid

character.

The statements made above regarding the marked diversity of

leaf pattern in the offspring of V. papilionacea X pedatifida and
the departures from strict Mendelian law are equally true of the

analogous hybrid V. pedatifida X sororia. The imperfect rever-

sions in leaf form are shown in plate 17, fig. A. B, A.Bb, and AM,
compared with the leaf of V. pedatifida figured above them. But
in this hybrid the same phenomena are observable also in the

varying colors of capsule and of seed. In all three pairs of char-

acters the stable reversions marked A , C, and D are not complete

reversions. The darkest capsule or seed found in the F2 brood is

much lighter than the capsule or seed of V. sororia.

It is further to be observed that though the Mendelian law

leads us to expect on the average one of each of these reversions in

every four offspring, we have here only one of each in the sixteen

offspring. At the same time the hybrid forms are in excess of the
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normal average (one half of the whole number) ; instead of 8 of

each we have 10 Aa's, 12 Cc's, and 10 Dd's. And it should be
remembered that this statement is not based solely on the appear-

ance of the F2 plant but on the fact that the reversionary charac-

ters, A, C, D, were found to be stable in reproduction; while the

hybrid characters were found to be unstable. For example, with

the exception of no. 4, which had only two offspring, each of the

ten Aa plants in brood 781 gave 2-7 plants with uncut leaves.

Hybrid F, Aa B6 (V ~ />,/

~B^d Foliage Breed

781 no. 6

„.

B

B

Bb

Bb
Bb

Cc

C

Dd

Dd

Dd

:::

,

id not only in the second but also in the third generation of

ybrid the number of plants having the positive character

to fall short of the Mendelian requirements. This appears if
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io in which the several hybrid charact

i the F3 offspring:

I he io Dd plants had 93 offspring: is D's, 44 Dd's,
.

Total 410 73 normal ratio: 25:50:25

Combining these results, we find in 410 instances of the reproduc-
tion of a hybrid character, that instead of 102^ reversions to the
positive character there are only 73; instead of 25 per cent, only 18.

However, the determination of the characters in these 171 F3

offspring rests only upon their appearance, having not been as yet
verified by observing the behavior of the F4 offspring. Of this

generation 45-50 broods are hoped for by another season from
seed already sown. But we seem to be already justified in the
suspicion that in a species-hybrid as complex as the one under
experiment, where the opposed characters of the parents appear
in a blend or intermediate form, this form may acquire a certain
degree of fixity, whereby the reversions to the positive type in a
pair of opposed characters are less complete and less frequent
than in normal Mendelian segregation and the reversions to the
negative type more frequent. If we might assume that the
gametes holding the positive character were more or less impure,
while the gametes holding the negative character were pure the
situation would be fairly well accounted for.

In the great diversity of forms displayed in the 171 F3 offspring
the most interesting group are the 41 exhybrids, in which all of
the four characters under study are reversionary and constant.
Among these we find three plants in which the four characters of
V. pedatifida, A.b.c.d, reappear, one plant in each of the broods
858, 863, and 872. What may be called a form of V. pedatifida
with uncut leaves, a.b.c.d, is found once in each of the broods 863,
871, 872. A pubescent V. pedatifida, A.B.c.d, occurs in brood
858. A purple-capsuled V. pedatifida, A.b.C.d, occurs in both
858 and 872. Similarly, we have a cut-leaved V. sororia,
A.B.C.D, in brood green-capsuled V. sororia,

1
brood 861 and three times in brood 866; and a buff-seeded
na, a.B.Cd, in broods 853, 855, 860, 867, and 869, eleven
in all. In short, all but five of the sixteen possible combi-
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nations in fours, of these eight pure elementary characters, are

to be found in these 41 plants.

As showing how a hybrid tends in successive generations to

eliminate its hybrid characters, ever becoming simpler and finally

pure, we note that starting with the Fi plants, necessarily hybrid

in all the opposed characters of the two parent species, we have in

the next generation only two such hybrids, and in the 171 plants

of the 3d generation, none; indeed, the law of probability calls

here for only one in every 256 offspring.

My first recognition of V. pedatifida X sororia was in a package

of living plants sent May 22, 1907, by Dr. H. V. Ogden of Mil-

waukee, collected at Upper Nemahbin Lake, Wis., growing with

both parents, and considered by him as " doubtless a hybrid."

The same thing, however, had been sent me some three years

earlier by Dr. Greene as a specimen of his V. Bernardi, collected

by himself at Dixon, 111., June 18, 1898. In Leaflets 1: 184.

Ja 1906, the plant is transferred to V. perpensa, then first de-

scribed. I have recently examined the three other specimens

there cited and regard them all as forms of V. pedatifida X
sororia* Also V.fallacissima Greene, Leaflets 1 : 185. Ja 1906, is

another form of the same hybrid from western Missouri

—

Bush 141,

Lee's Summit, Mo., July 8, 1899. Other specimens are: E. J.

Palmer 3345 and 3393, Webb City, Mo., April 19 and May 5,

191 1 ; Mary 0. Pollard 6, Yorkville, 111., May 16, 1909; L. M. Urn-

bach, prairies, Clarendon Hills, 111., June 21, 1899—distributed in

191 1 from United States National Herbarium as " V. palmate"

4. Viola nephrophylla X pedatifida hyb. nov.

V. Wilmattae Pollard, Proc. Biol. Soc. Wash. 15: 178- Au ioo2f

Foliage much as in V. papilionacea X pedatifida, nearly

glabrous, palmatifid with several narrow lateral lobes; corolla

" deep violet, 2 cm. broad "; petals markedly villous and sepals

with slightly scarious margins, as in V. nephrophylla.

It has not been practicable to secure living plants for cultures.

But the alleged parent species were both growing in the canon,

, Sapello Cafion (c. i
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and the status of the plant is strikingly analogous to that of

numbers I and 3 above described. The supposed hybrid has

been recently again collected, by Mr. Paul C. Standley.* The
leaves in his specimens are cut about halfway to the midrib; but
on the same sheet are two detached leaves parted as in V. pedati-

fida, indicating that this species grew with the anomalous plant.

Figures \ natural size

naceaXpedatifida Brainerd, transplanted, May 1905, from York-
ville, 111., Mary O. Pollard coll.; ex horto Middlebury, Vt., May 14, 1910.
No. 109 Brainerd's violets of eastern No. Am., 1910.

F* offspring of Aa, having stable leaf pattern resembling that of V. pedatifida;
ex horto (brood 612) Middlebury, Vt., June 2, 1912.

F2 offspring of Aa, having stable leaf pattern resembling that of V. papilionacea;
.rto (brood 236 plant 6) Middlebury, Vt., June 3, 1909.

.eaf of Viola pedatifida Don, south of Wady Petra, Stark Co., 111.,

1356, May 26, 1907.

eaf of pubescent V. sagitlata Ait., south of Wady Petra, 111., V. H
July 28, 1907.

'tola pedatifida Xsagittala Brainerd, transplanted, May 3, 1908,

2 offspring of above hybrid; ex horto (brood 630)

l leaf of Viola pedatifida Don, transplanted, May 1909, from near Galva, 111.,

. Chase iqsi; ex horto (brood 851) Oct. 3, 191 1.

lybrid leaf of V. pedatifida Xsororia Brainerd, transplanted. May 1909, from
railway, Stark Co., 111.. V. H. Chase lQ48; ex horto Aug. 31, 1909.B-—a-b. Characteristic leave:

I 80 r.

e offspring of this hybrid, viz:



Viola obliqua Hill and other violets

Viola obliqua—the name is become anathema! Venerable
indeed, yet from of old misunderstood even by those who have
sought to do it honor, rejected, reinstated, and at last altogether

cast out, it may be deemed a matter for apology that it should be

now once again brought forward. Nevertheless I ask a further

hearing in its behalf—the fraternity of violarians must be my
judge.

The name seems first to have emerged into the modern light

in the Illustrated Flora. If recollection be not at fault, I myself

had some part in this. And the view then shared with the author

of that work, Hill's illustration before us, that this discredited

name was perfectly available for exact use, has not suffered any
change. I have not turned to Hill's much ridiculed plate from

that day until this writing, nor do I suppose that Doctor Britton

has, yet, viewing it together now we are at agreement as before.

More redoubtably than any other writer, more picturesquely,

Doctor Greene has used his slings and arrows against this name.*

Yet, as his page presently allows us to see, with friendly purpose

!

His onslaught—assuredly not to be withstood—finally by a hairs-

breadth evades a fatal issue. With fine dexterity the all but

destroyed thing has been rescued and, on the instant, sent forth with

now well-established rights—for how shall it ever again be assailed

with better success? Yet somewhere was a miscalculation. Later

writers, and there have appeared not a few, have approved the

name as extinct, perhaps not stopping to apprehend this reinstate-

ment or the dryness of Doctor Greene's closing avowal " the most

common of all East American violets ... I am confident it can

never be proven that it is not Viola obliqua Hill."

Doctor Greene has made his hypothetical objector say of Hill's

plate that "
it does not half represent any violet that ever grew in

any country. It is glaringly false in representing flowers erect on
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peduncles perfectly straight to the very summit." Thus is the

overtechnical critic at first gaily allowed his fling. But this

imagined sceptic need have made less allowance for the " un-

botanical draughtsman " than it is implied he should have done.

Had Doctor Greene's keen eye ever scanned the woodland floor

among the hills along the Hudson, or on Long Island, it must have

seen in apparition before it this same pictured violet of Hill's

side by side with its living counterpart having flowers postured

in the self same upwardly oblique way and even strictly erect!

Here then was the living vindication of Viola obliqua Hill and Sir

John had waited nearly a century and a half to be put in credit.

The surprising thing is that his figure ever should have come

under any doubt. It utters authenticity. Its entire composition

proclaims that it could have been in no part extemporized. Be-

yond peradventure we see in it the copy of an actual plant worked

over by a conscientious but not a facile draughtsman. No
inattentive sketch, no artist's fiction, would have been cumbered

with the needless and inartistic detail shown in this cut nor, like it,

reveal the painstaking effort of a careful but none too practised

hand. Nor, as to the ftWers should it have been forgotten that

Hill put in print, and he had the living plant, that they were
" oblique," and Aiton that they were " erect." I do not know
whether this violet remained in cultivation in England up to

the time when Aiton wrote or whether he had ever seen it in

growth. But if his description was drawn up from herbarium

specimens having the petals partly discolored from drying it

offers an explanation of his use of the word straminea in giving the

color of the flowers. By fault of this word, nothing else can

explain it, the history of the blue-flowered Viola obliqua has come
confusingly in touch with violets so remotely related to it as the

white- or creamy-flowered Viola blanda and the yellow-flowered

Viola ro'undifolia.

As for our plant which so perfectly upholds Hill's illustration

I doubt not that It may be found bearing its upwardly looking

flowers over a far wider range than where I myself have seen it

growing, for it is none other than the common violet we have been
taught to call Viola affinis LeConte. The Illustrated Flora

was therefore right in restoring the name Viola obliqua, although
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not drawing the specific lines so closely as we may now do; Doctor

Greene was right in supporting the name with his endorsement;

Mr. Pollard in Britton's Manual was exactly right in allowing

Hill's name to displace LeConte's. Notwithstanding all this

the name Viola obliqua will be searched for in vain in the violet

writings of the day.

The plant figured by Hill was not that extreme form of the

species of slighter figure and narrower leaf that we seem to have

set up as typical of Viola affinis. But it was of the same flexuous

habit, the same grouping of foliage and flower, the same deep

cordation and acuteness of the expanded leaf; the blades had the

same pronouncedly crenate-serrate marginal pattern, and some

of them were quite sufficiently narrow and attenuate to satisfy

the most exacting affinis standard. It is no objection that other

leaves were broadly ovate. Forms of the species, very usual

forms, do produce just such broadly ovate leaves and in like way

associated on the same plant with the more characteristic nar-

rower ones. Such plants, and others much more strongly grown

than the medium plant portrayed by Hill, are not possibly to be

kept distinct by a name from the most reduced and delicate forms

of the series, for the extreme phases are everywhere inextricably

blended together through every avenue of intergradation.

It must not be inferred that there is a particular form of Viola

obliqua in which the flowers at some stage of their growth always

become upturned. This trait of the flower is no more than a

tendency in the general species which, in some plants, or colonies of

plants, may be perfectly realized, while in others it is not seen at all

or proceeds no further than an opening out of the crooked tip of

the peduncle causing the flower to stand away from the scape in a

horizontal or an upwardly oblique position just as it may in many

another violet. Nor is the erect position of the flower at all extra-

ordinary among violets. It is occasionally seen in other species

although in no other known to me does it come to a well-established

trait, and in no other than this, except rarely, have I seen the flowers

strictly " erect or peduncles perfectly straight to the very summit."

Just as our medium plant passes down into its smaller and

more delicate forms so also, and with as gradual transformation,

does it grow up into an every way larger violet having thicker
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leaves, obtuse and of less pronounced crenation, and more striking

flowers of deeper hue and bluer tone of color. Of late years

much has been made of this larger violet, and forms which cluster

about it, under the designation Viola papilionacea Pursh.

Let us digress upon this rather ostentatious newcomer among

our named violets. For myself I have never quite succeeded in

finding out what was the touchstone of " Viola papilionacea.'
11

Nor does there appear to be perfect accord among its sponsors

as to its exact credentials. Mr. Pollard in first taking up

the name* introduced us to a wholly glabrous plant, describing

accurately the fine violet to which we have just adverted. But

the specimens he put outf were at some discord with his description,

showing us a violet having a characteristic pubescence on the

petioles. In respect of this pubescence the specimens coincide with

Doctor Greene's understanding of " papilionacea "J and with the

admirable drawing of Mr. Holm which supplements his description.

Mr. Stone, both by description and illustration, reports the plant as

bearing pubescence on the petioles.§ Mr. House as well. |]
Doc-

tor Brainerd, on the other hand, although taking a broader treat-

ment, seems more in accord with Mr. Pollard in his description of

a wholly glabrous plant** as also is Doctor Dowelltt—something

like an even division between the smooths and the roughs. All

this is not making too much of a little pubescence, for the glabrous

and the pubescent plants differ by far more than this one character.

And the strain of discrepancy running through the discussions of

" papilionacea " is reason enough why this conjectural species has

not been received by all of us with any such compelling sense of

recognition as, for instance, all felt towards " Viola cucullata
"

the instant that Doctor Greene gave us the cue.

The glabrous " papilionacea " is found on grassy banks or at

the borders of meadows along descending places from woodlands

* Bot. Gazette 26: 136. 1898.

t North Am. Violaceae. Determined and distributed by Prof. Edward L.
Greene and Mr. Charles Louis Pollard, No. 8.

% Pittonia 4:140-141. 1900.

§ Proc. Acad. Nat. Sri. Phila. 55: 670-671. 1904.

]|
Bull. Torrey Club 32: 258. 1905.

**Rhodora6: 15. 1904: Bull. Torrev Clu 1 : >nr> mm
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where Viola obliqua grows. In these near meadows or by brooks

that traverse the same woodlands " Viola cucallata " raises its

long-stemmed flowers of twofold blue. In many ways the smooth

" papilionacea " is strikingly intermediate between these two

plants. Doctor Brainerd has opened our eyes to violet hybrids.

Have we not found one here? I recall all these violets as

they grew in profusion about my former home on the Hudson

and seem to see, I did not see it then, our woodland and our

meadow violet meeting in such places as I have described and

crossing over into each other—how else than through free hybridi-

zation? And the perplexing intermediate examples that I had

then tried to sort into species seem, as the specimens are turned

to now, to lend strong confirmation to such an hypothesis. If,

then, we have indeed here come upon the truth, our " papilionacea
"

is seen to be not all that we have been asked to believe. Yet

by this very reduction it takes a clearer outline as a plant marked

by a characteristic hairiness on the convex side of the petiole,

often localized just below the blade, but often, also, thinly diffused

on the lower surface of the lamina, precisely as Mr. Holm's

drawing so faithfully portrays. The upper face of the blade is

by no means always glabrous, but what pubescence may later

appear there is not often very obvious. By this at first strictly

dorsal pubescence it is a marked plant, for it should be noted of

the glabrous " papilionacea "—whether the hybrid, if so it proves

to be, or the enhanced Viola obliqua— that the slight pubescence

it may sometimes show has its site on the upper surface of the

blade just where we find evidences of it in the nearly glabrous

Viola CHcullata. It is a marked plant also, in its group, by deeply

cordate and crenate-dentate leaves which in age so open out

their cordation as to become subtruncate at the base, and it is

an especially noteworthy violet by reason of a ready tendency to

semi-domestication.

It will be well here to turn to ye

the pubescent Viola sororia Willd. In woodla

species and Viola obliqua are in free growth to

be found, it is no uncommon thing, blending

other in perfect confluence. Among these plant

we recognize, now Viola obliqua, changed only by
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pubescence, now its too intimate associate, still to be called Viola
sororia but taking a more gradient habit and narrower form of leaf.

More intermediate in the series are plants of stronger growth and
in these we seem to see our pubescent " papilionacea^ never,
perhaps, exactly as we know it in its semi-domesticated state but
so much the same that the origin of our plant would seem to
be disclosed as though in an open book. We have been here
freely following appearances and may have been easily mislead
in thus seeming to have traced our plant back to the mode of
its beginning. Nothing like demonstration has assured us. But,
if it were indeed a proved thing, even then our semi-domesticated
" papilionacea, " far along in its generations, would be manifestly
of a higher category than those chance hybrids we seem to come
upon in the making. Our plant thrives in places whence both of
its suggested parents have disappeared, or perhaps have never
been. It is become independent of the parental aid, is self per-
petuating. It is, by continuous descent from season to season, no
longer a hybrid, but rather a species whose hybrid origin goes back

not found that such a
name has ever been given unless the pleasing one Viola laetecaerulea
of Doctor Greene may happily prove to be available

Most certainly we cannot continue to call this plant Viola
patnhonacea Pursh. We turn to Pursh and read under this
name, it is so clear we cannot be mistaken, the quite sufficient
description of no other violet than our common one of boggy
meadows and wet places that we have been calling Viola cucullata
Alton. Of this violet there is an open meadow form, it has
doubtless been remarked by all of us who have given any field

matters, that has definable points of difference
violet

from more usual phases of the plant and this,

akably, is the form r ularly held in view by Pursh.

cordate ,

collections formerly made about Van Cortlandt' Park I

: put aside as far back as 1895 under a
find specimens of thi

name given with reference Dtably
a acute leaves well-developed as early
The leaves are not strongly cucullate nor strictly gla-

is their marginal pattern at all pronounced (" triangu-
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laricordatis acutis crenai iusculis
"—Pursh's de-

scription could scarcely be more exact) ; the peduncles, at flowering,

little if at all surpass the leaves in height {peduncidis lon^itudiuc

foliorum) ; the flowers, compared with those of the Viola obliqua

series, are explicitly more papilionaceous, allowing for the fanciful

application of this adjective to the- flower of a violet, (" petalis

obovatis: j. inferioribus infra medium barbatis conniventibus,

2. superioribus reflexis ").* Point by point Pursh's description

meets the distinctive characters of this plant, proving slightly

inexact only in respect of the variable bearding of the petals, for

the odd one, although sometimes slightly bearded, is prevailingly

glabrous. The bearding dusted with pollen readily becomes

Pursh's " yellow down." " Flowers blue, elegantly striated,"

points with unmistakable indication to the flowers of our meadow

violet distinguished above all others by the delicacy and sharp

beauty of their dark penciling. " In wet places " would scarcely

be particularly affirmed of any other blue-flowered heart-leaved

violet, although Pursh does say of his other one " In grassy

wet places," wherein, however, is more of a distinction than

might appear to one not well knowing our violets in the places

where they grow. Upon the face of the evidence this other violet

of Pursh's, his " Viola cucullata Ait.," was our Viola obliqua.

Its glabrous leaves, cucullate only at the base, had more promi-

nently indentured margins than the crenate leaves of his Viola

papilionacea, he expressed the difference by calling them " ser-

rate "; the scapes were shorter, an essential distinction; the petals

were obliquely bent, therefore the upper pair less characteristically

reflexed and the others more open. The two plants are thus

placed by Pursh in unmistakable apposition. The lateral petals

are described as being merely " bearded," not, as in his papili-

onacea, " infra medium barbatis," an acute distinction, not to bear

literal rende that the beardii

nd relatively ni(in the one species is more r<

the petal than in the other. Mr. Stone is, I think, th<

writer who has called attention to the more forward
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the bearding in Viola obliqua—his Viola affinis* " Flowers

blue, white at their base," points also to Viola obliqua for, while

the petals of all these violets are white at their base, the flowers

of this one are lighter towards the throat where those of our
" cucullata " are characteristically of deeper hue, often in sharp

contrast with the pale blue surrounding parts.

It is not to be believed that Pursh did not know both of

these common violets, and I have been at pains to determine

and to lay stress upon each of his described species the better to

emphasize the identity of his Viola papilionacea, for it would

appear that by right of priority this is the true name of our meadow
violet that we have been miscalling Viola cucullata Ait.

If a decade and more ago we knew as much about our violets

as we know today, however scant our present knowledge may be,

Aiton's Viola cucullata would scarcely have been construed in

terms of our meadow violet that, as we have just seen, Pursh called

Viola papilionacea. Doctor Greene in pointing out to us this

distinct but long hidden species did not adopt for it a doubtfully
applicable name without using a deliberate mark of interrogation.!

However unmistakable the description of any later author may
be, there is not one word by Aiton himself that can be deemed
distinctive of this plant. Quite otherwise. His Viola cucullata

had, for instance, subterete scapes shorter than the leaves, which
were attenuate at the apex, and the petals, the upper pair not
being reflexed, were white at their base. His entire description
differs in no essential from the description of Hill's Viola obliqua,
nor does it fail at any point to apply to that plant. That species
must have been the very one he had before him but, believing
Hill's plant to be characterised by erect flowers, partly stramineous
in color like some of the European species, he very naturally
considered his own plant to be distinct by reason of blue inverted
flowers on scapes reflexed at the apex, which characters, although
common to all violets, he is particular to report. Can it be
doubted that the name Viola cucullata Aiton is but a synonym
of Viola obliqua Hill and that our meadow violet that we have
allowed to bear Aiton's name should now inherit from Pursh the
name Viola papilionacea?
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Yet another violet should here receive a word. Little recog-

nition has been accorded to Viola domestica. I ask myself,

Can it be alone from force of first impressions that this violet

remains to me one of the most individualized and set apart species

of its group? No other one is altogether glabrous. I have given

the closest scrutiny to very many growing plants and failed to

detect on even one so much as a single hair. Rare examples viewed

by lens do show some obscure appressed spiculae near the margin

of the leaf on its upper face, but such plants are so unusual as to

suggest some admixture in the strain. By this rather remarkable

absence of pubescence this violet is at marked variance from the

one that has been combined with it under " papilionacea" in

which some dorsal hairiness on the leaf is so constant a character.

There is other evidence that these two violets are of collateral

rather than lineal relationship. In more than one direction they

disclose an obviously different course of growth. In the pubescent

one, I know not what other name to call it by than Viola laetecae-

rulea Greene, the scapes at flowering are erect, bearing the flowers

high, even above the leaves, later becoming flexuous or sometimes

declined; in Viola domestica they are always shorter than the

leaves and tend to rise obliquely, sometimes bearing the flowers

out around the sides of the tuft. The light green leaves of Viola,

laetecaernlea at flowering time are normally deeply cordate, later

becoming dilated and taking a more or less subtruncate base;

those of Viola domestica are from the first openly cordate or sub-

truncate and show much less change of form with age. They are

of a strikingly bright deep green and when young somewhat

succulent and shining. The flowers are unlike those of Viola

laetecierulea, or any other violet known to me, having longer more

twisted often narrowly rhomboid petals of deeper hue intensifying

into a dark true purple. The upper pair when in ultimate position

are not only reflexed but deflexed backward by a downward

twist from the base. Viola laetecaernlea is one of our earliest

flowering blue violets, Viola domestica the latest of all. While

the former is partly domesticated the latter must be, I think,

considered as wholly so. It is found by fence rows, in old orchards,

yards and abandoned grounds, growing in rich but never in wet

soils and in shade or partial shade as if it had come original!) from
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the woods. But I have never found it in a really wild state, that

is to say, never far away from the habitations of man. It is of

more gregarious habits than any of our wild species, often colonizing

so thickly over wide spaces as to crowd out most other plants and,

until taking its strong later growth, is low and somewhat spreading

of leaf and peduncle, keeping close to the ground; not least to

be noted is its relatively narrow range of variation, which is un-

usual among the violets of its immediate relationship. It has been

classed with " papilionacea" , although its nearest ally is doubtless

Viola obliqua; but it is too signally different from that species to

be forced upon it. Because hybridization may have at some

period entered into the history of Viola laetecaerulea, of domestic

tendencies, there might be reason for inquiring whether Viola

domestica had not a like origin, but, if Viola obliqua is or was one

parent, where is the other?

Should the indications reported in this paper not be mistakenly

understood the facts before us would be these: That the name
Viola obliqua Hill belongs to the common and widely variable

violet that we have been calling Viola affinis LeConte. That no

such species exists as the supposed one we have been calling

" Viola papilionacea" this being a mixture, partly an accentuated

phase of Viola obliqua, partly a hybrid of that species with our

meadow violet, partly also a cross of Viola obliqua with Viola

sororia and partly a well appointed violet, perhaps descended

from such a cross, which may be called, pending proof, Viola

laetecaerulea Greene. That the Viola cucullata of Aiton is a

synonym of Viola obliqua Hill, and that our meadow violet that

we have known as cucullata was first described by Pursh, receiving

the inalienable name Viola papiiionacea. That Viola domestica

is, by attributes of form and habit, invested with a signal indi-

viduality and that notwithstanding its domesticated nature the

source of its origin does not yet appear.



Observations on the inception, season, and duration of cambium

development in the American larch [Larix laricina

(Du Roi) Koch.]
*

Introductory

During the past twenty-five years very little attention has been

devoted to a minute study of the diameter increase in trees.

Comparatively little is known concerning the season of wood
formation; and with respect to the region of the tree in which

diameter increase first begins, the evidence is contradictory.

With the object of determining the part of the tree in which

cambial activity begins, as well as to determine the season of

growth, investigations were begun during the season of 1909 and

continued in 191 1 . The results obtained from the study of mate-

rial collected these two seasons form the basis of this paper.

The subject was suggested by Prof. W. W. Rowlee, and to

him, as well as to Prof. B. M. Duggar, the writer is indebted for

helpful suggestions.

Historical

The work of von Nordlinger, Th. Hartig, Robt. Hartig, Mer,

and others has thrown some light upon the extent and duration of

cambial activity. They have found, in general, that under

forest conditions growth first begins in the youngest twigs and

then proceeds downward into the older regions. Less work has

been done on the cambial activity in isolated trees.

Concerning the region of first cambial activity, Th. Hartigt

concluded that it occurred in the youngest twigs and then gradu-

ally extended downward. In a 30-year old Finns sylvestris, and

also in oak, cambial activity began almost simultaneously over

the entire trunk, while in larch and maple of the same age cambial

* Laboratory



activity began from two to four weeks later in the lower part of

the trunk than in the twigs.

As a result of extensive investigations, Robt. Hartig* advanced

the idea that cambial awakening was dependent upon temperature

and that therefore the thickness of the bark, temperature of the

soil moisture, and insolation, were important factors. He found

in an isolated io-year old Pinus syhestris, that cambial activity

had begun two weeks earlier than in isolated 35- and 65-year old

trees, and four weeks earlier than in a 100-year old tree grown

under forest conditions. The comparisons were all made at a

height of 6 meters. He also found that under natural forest

conditions the growth of the annular ring of Scotch pine, Norway

spruce, and European larch at a height of 27.5 meters, was on

June 9 respectively 66 per cent, 56 per cent and 75 per cent

completed. Going toward the base the growth decreased, and

at a height of 1.5 meters the percentage of the annular ring com-

pleted was 35, 21 and 18 per cent respectively. In isolated trees

of Scotch pine and Norway spruce the growth on July 9 was ap-

proximately the same in all parts of the trunk. Under forest

conditions growth was found to begin in the twigs and proceed

downward, the cessation of growth following the same order.

According to Mer,f the cambial activity in oak, beech, bass-

wood, fir, and other trees of twenty-five years of age and under

begins in the youngest twigs. In older trees cambial activity

is described as simultaneous at the bases of the branches and
trunk. He states also that in a single cross-section cambial

activity may be evident on one side and not on another.

Hastings} found that in broad-leaved trees increase in diam-

eter did not begin until the buds had opened. He found that

growth first begins in the i-year old twigs, and later it occurs in

2- and 3->ear old twigs. When wood is forming in 5- or 6-year

old growth there is simultaneous development over the entire

tree. In pine it begins first in the 2- and 3-year old twigs. In

the hemlock the growth was first observed in the 6-year old twigs,



Knudson: Cambium development in American Larch 273

while in Taxodium distichum the same conditions prevail as in

the broad leaves.

Buckhout* made during a period of four years caliper measure-

ments of European larch at intervals of five days during the

growing season. The measurements were made at breast height

and the age of trees experimented upon is given as 45 years. He
found that the formation of leaves was coincident with the begin-

ning of diameter increase. The beginning of this increase was

close to April 25, during the four years. He found a gradual

increase from this date until about July 1, when further growth

in diameter practically ceased. The data secured from this

method of measurement are not, as he himself realized, entirely

conclusive, on account of the errors which may result from the

swelling and shrinking of wood and bark with the varying moisture

content.

From the horticultural side gross investigations have been

made by Keffer.f Goff,| Cranefield,§ and others on the duration of

growth in fruit trees. Their work is concerned with the develop-

ment of shoots and on the duration of wood increase as determined

by the readiness with which the bark could be peeled. The work

of these men will be considered in a subsequent paper.

Methods of Investigation

For the investigation during 1909, four larch trees of approxi-

mately thirteen years of age were used. These trees are hereafter

designated for convenience as trees A, B, C, and D. The trees

originally grew in a swamp in Oswego County, Xew \ork. but

were transplanted in 1902 to the nursery' on the Cornell I niversity

Campus, on land which slopes gently to the west and is of a well-

drained, heavy clay soil type. The trees were planted tour feet

apart and were shaded on the east and west sides but not on the

, E. S. The r. -
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north or south. Trees B, C, and D were very uniform as regards

size and form. Tree A, although of the same age, was slightly

smaller.

In order to determine the region of growth inception it was

necessary to take material from the apex of the tree to the base.

The larch has. at intervals, whorls of branches, the number of

which agree approximately with the age of the tree. The trees

used had each ten such whorls and material was removed from

below each whorl, at different times throughout the growing

season. Cuttings were made only from the south side of each tree.

The first cuttings were made a few inches below each whorl of

branches and the subsequent cuttings were made a few inches

below the preceding and a little to one side. In obtaining the

material for study two incisions, 2 cm. apart, were made through

the bark and into the wood to a depth of I cm. and the piece then

removed with a small knife. The injured area was then filled

with grafting wax.

The material collected from trees A and B was fixed in a

solution consisting of 33 parts glycerine, 35 parts alcohol, 30 parts

distilled water, and 2 parts glacial acetic acid. The material

kept in this solution was in excellent condition for sectioning,

though, of course, no good fixing of the protoplasmic structure

was obtained. That collected from trees C and D was fixed in

Gilson's solution and kept, by mistake, in 95 per cent alcohol.

When attempts were made to section it, several months later,

considerable difficulty was experienced, because of brittleness.

Attempts to soften the material, by allowing it to remain in equal

parts of glycerine and alcohol, and also in glycerine alone, proved

futile. The greater part of the material was sectioned without

imbedding, but some of it was necessarily imbedded in celloidin.

The sections were cut from 20 to 40 n in thickness and stained with

safranin and Delafield's haematoxyiin of the formula so commonly
used for wood staining. The methods employed during the

season of 191 1 are described subsequently.

1909

The first cuttings were made on April 19 and at this time

the buds located on the 4-, 5-, and 6-year old wood had opened,
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the leaves being 1/16 of an inch in length. On the younger wood,
the buds were less advanced. This was more marked in the 1- and

2-year old wood. This slower development toward the terminal

shoot and apex of the branch held true also for the catkins. The
same condition was noted also in several larches which in Sep-

tember produced a new growth of leaves, the result of a drouth,

followed by favorable conditions. This earlier development of

leaves on the older wood is significant in the light of the subsequent

facts concerning the inception of cambial activity.

Cambium in resting condition.—According to Sanio and other

investigators the cambium proper consists of a tissue but one cell

in thickness, which cells by division produce a row of xylem mother

and a row of phloem mother cells. Each of these rows divides and

gives rise respectively to two rows of potential xylem cells and

two rows of potential phloem cells. Except by careful cytological

study the row of true cambium cells cannot be distinguished from

the neighboring cells. The term cambium has been, therefore,

generally applied to that tissue which lies between the visibly

differentiating phloem and xylem. The cambium tissue is com-

posed of a number of rows of cells, which cells are characterized by

their thin walls, dense protoplasmic content, and, viewed in

cross section, rectangular shape. In trees in the resting condition

it would be reasonably assumed that the true cambium comprises

the first row of cells just without the xylem. The cells bordering

this row on the outside would then be considered as phloem.

As a matter of fact, however, sections made from cuttings obtained

from the trunk of larch on November 13 exhibit just outside of the

xylem a distinct tissue 34 n in diameter, consisting of five or six

rows of cells in thickness. The cells of the outer five rows are not

visibly distinguished from cells of the inner row, but are distin-

guished from the adjacent phloem cells by their size and proto-

plasmic content. See fig. i and 3. Because of the similarity

of all of these cells I have considered the six rows as comprising

the cambium tissue, the term cambium being employed in its

generally applied sense.

Inception of cambial activity and development of phloem.—The

material collected on April 19 showed that cambial activity had

begun. The layer of six cambium cells had increased in diameter.
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The outer cells of this tissue were losing their rectangular shape
and assuming more nearly that of a square, as viewed in a cross

section. See fig. 1,2, and 3. In studying the slides made from
material collected on April 19, it was found that in the 5th, 6th,

and 7th cuttings of tree A the cambium had developed to a greater

extent than in the other cuttings. Not only had the cambium
increased in diameter, but seemingly new cells had been formed.
This increased development near the middle was maintained until

May 25. The average increase in number of phloem cells by May
25 was only 1.8, but the diameter increase of the cambium and
phloem was nearly 100 per cent. Up to this time no xylem what-
soever had been developed. It appears therefore that the earliest

growth consists in an enlargement of the cambium tissue with the
gradual transformation of the peripheral cells into phloem tissue.

The old phloem cells adjacent at this time are becoming compressed
due to the pressure brought about by the transformation of the
cambial cells. Compare fig. i, 2, and 3.

In table 1 are given the figures obtained by the measurement
of the diameter of phloem and cambium tissues in trees A and C.
The figures for the diameter of the cambium tissue during the
resting period (cutting made November 13) are given for com-
parison. The figures included under the dates April 19 to May
25 inclusive refer to tree A. From June 3 to July 6 the figures
refer to tree C.

As indicated previously, the six-celled layer adjacent to the
xylem is considered the cambium. Although transformation of
the peripheral cells had occurred, it is difficult to state which cells
are cambium and which cells are phloem. Consequently the six
rows, despite the transformation, I have considered as cambium.
Any cells in excess of the six rows, which lie within the old com-
pressed phloem cells, I have considered as new phloem After
May 25, when xylem and phloem were both developing rapidly,
the cambium tissue was still considered as a tissue of six rows of
cells. It was difficult to select always the six most uniform rows,
but in general the error was slight and at most of little consequence.

From an examination of the table it may be seen that up to
May 25 the middle regions show the greatest growth. From April

19 to May 25 the increase in phloem was gradual, but from May *5
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to June 3 the growth was markedly increased, while from June 3

to June 15 seemingly little growth occurred. After June 3 it

appears that relatively few new phloem cells were formed, but

growth consisted more of an enlargement of the cells already

formed. Some of the figures for June 15 are less than the corres-

ponding figures for June 3. This may be perhaps explained by

the fact that the cuttings were made somewhat lower, or better

perhaps by the fact that in obtaining these cuttings they were not

taken on a line directly below the preceding, but to one side.

Mer (loc. cit.) draws special attention to the well-known obser-

vation that wood growth is not always uniform on all sides of the

-^~-f&D j—I:::::.::;:.
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By July 6 the phloem was nearly complete with respect to cell

numbers; for, the average annual number of rows of phloem cells

produced during a period of three years was found to be seventeen.

At this time the cells were all very regular in form and no visible

differentiation had occurred. In diagram i are represented the

diameter measurements of the phloem at several different dates.

In trees B and D the growth is similar to that in trees A and C,

though more vigorous growth resulted in tree B than in tree A.

In this tree also the development of cambium consists first in a

transformation of the peripheral cells. In this case, however, the

number of rows of phloem cells produced by May 25 was 5.6 with

nearly a 200 per cent increase in diameter. The detailed figures

Ma55 M.y„ U,v„ 7, h

kegmn of cutting
Dia.

Xo
Dia. Dia. ,

li

Below 1st whorl

Below 3d whorl
'.'.'.'. .'

;

M
^

34

85

6

76 |j
z

;J

Average Jo 3-1 n 4.8 8o 5.3 *S0

Development of xylem—While in tree A there was a gradual

increase in phloem from April 19 to May 25, yet no xylem cells had

been formed. During the week of May 25 to June 3, coincident

with the marked increase of phloem, a very marked increase of

xylem occurred, over one third of the xylem being completed

during these seven days. Table hi gives the figures obtained

for the number of rows of xylem cells formed,

the xylem tissue in the various cuttings at

There is included also the diameter of the xyl

tree B during the years 1909 and 19 10. In 1

id the diamet.
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From the table it cannot be determined exactly in which part

of the tree xylem growth first begins. The greatest growth by
June 3 was below the fifth whorl of branches while the least growth
was just below the first whorl of branches. In general, by June
3 more xylem cells were formed in the middle of the tree than at
either the top or base. This would tend to indicate that the first

growth of xylem occurred in the middle of the tree below the fifth
whorl of branches.
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While in trees A and C the region of the first growth of xylem
could not be definitely located, more fortunate results were ob-

tained with tree B. No xylem was formed in tree B until May 2$
and then neither at the top nor at the base of the trunk, but in the

middle region. By May 25 then the xylem in that part of the

tree between the fourth and fifth whorls of branches was four cells

in thickness,—while between the sixth and seventh whorls it was
five cells and between the seventh and eighth it was two cells in

diameter. The most marked development again occurred im-
mediately after May 25. The detailed figures are given in table

Season and duration of diameter increase.—In order to bring
out more clearly the period of greatest diameter increase, the
combined values for increase of phloem, cambium, and xylem,
in trees A and C are given in table v.

From the table it is at once evident that very little growtijj

took place previous to May 25, and the growth which occurred
was confined, as before indicated, entirely to the cambium and
phloem. From May 25 to June 3 a very marked increase occurred,
and during that time in the middle regions of the trunk nearly one
half of the total diameter increase was completed. In table
is given the daily average increase in rows of cells and also the
daily diameter increase in trees A and C.

By July 6 the ring of xylem was almost complete, judging from
the extent of the summer wood which was then in the process of
formation, though not yet completely developed. Unfortunately
no further series of cuttings were made after July 6 to determin
the succession with regard to growth cessation.

In table vn is given the combined 1

cambium, and xylem tissue in trees B ai

number of cells.
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The season of diameter growth in larch is relatively short.

Practically all of the growth occurred during the month of June.

The small increase produced from the time of bud opening, April

19 to May 25, consisted entirely of cambium and phloem develop-

ment. The diameter increases of trees A and C and B and D
during the season 1909 are graphically represented in diagram II.

Investigation of 191 i

Since the studies made in 1909 indicated that growth in

diameter first occurred in the middle region of the trunk and not

at the base or apex, it seemed advisable to continue these studies

with respect to the development in the lateral branches. The

investigation was made with the object of answering the three

following questions: (1) Does inception of diameter increase begin

first in the topmost branches, in the middle, or in the basal,

branches? (2) In what part of the individual branches does

diameter increase begin? (3) Does xylem development in the

lateral branches precede that in the trunk?

For this investigation a larch tree of approximately 10 years

of age was used. It was growing isolated, about 100 feet from

the trees mentioned above, growing in the nursery row. For con-

venience this tree is hereafter designated as tree E. On May 22,

from each of the whorls of branches from apex to base, one branch
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was removed. The removal, as before, was made from the south

side of the tree. The branches were numbered according to their

position on the tree, the topmost branch being No. I, and the

basal branch No. 7. From the individual branches there was

removed from each season's growth a cutting; from the topmost

branch two such cuttings were removed and from the basal branch

viii

:\ •. ,.

°
i

Below 2d whorl

seven cuttings. These cuttings were fixed, sectioned, and pre-

pared as before. In the following table the figures given refer

only to the number of cells in the new xylem layer and to the

diameter of that tissue. The diameter inct

tree is represented in diagram in.

(In- entire
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In order to show more clearly the results obtained and to aid

in the interpretation the following two tables have been compiled
from the preceding. In the table ix are presented for each of

the branches the average number of rows of xylem cells and the

average diameter increase of the xylem tissue for the entire lateral

branch. The averages are obtained from the figures for each

From the above table it is evident that the least growth
occurred in the top and basal branches and the greatest growth
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in the middle branches. This increase corresponds with the re-

sults secured previously on the diameter increase in the trunk,

in which it was found that the growth first began in the middle

In regard to the second question as to the region of the branch

in which growth first occurs, table x is suggestive. The figures

of the following table are the averages of the seven apical cuttings,

the seven basal cuttings and the average diameter of xylem in the

middle regions of the seven branches.

From previous results it was expected that the growth would

first occur in the middle of the branch, but the evidence indicates

that the development of xylem in the lateral branches begins at

the apex and then continues towards the base. The opening of

the buds, however, does not follow the same order. On April 26,

191 1, the lateral branches of a tree in the nursery row were ex-

amined and it was found that buds on the one and two years old

wood had not yet opened, on the third year wood the leaves were

just protruding while on the older wood the buds were fully opened.

In regard to the third question, " Does diameter increase in

the twigs and branches precede that in the trunk?" the following

observations were made. From the same tree from which the

cuttings from the lateral branches were removed and on the same

day,—namely, May 22, cuttings were removed from the apex to

the base of the trunk. Seven such cuttings were removed from

the south side of the tree, one cutting just below each whorl of

branches. From a study of slides prepared from the material the

following figures have been obtained. (See table XI.) There

are also included in table XI figures derived from cuttings made

on June 6.

A comparison of the figures for May 22 with the figures tor

growth in the lateral branches (see diagram hi) reveals the fact
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that except for the apical part of the trunk the growth there has

been much greater than in the branches. The average diameter

increase of xylem in all the branches was by May 22 only 10.7 ju,

and the average number of cells in the new xylem layer only 0.62.

The greatest diameter increase in the branches was only 37 n,

while the average for the trunk was 5.8 cells with a diameter of

139 m- H reference is made to table viii it will be seen that no

growth occurred in branch No. 2 while in the trunk at this region

the increase was 55.5 u. The average diameter of xylem in

branch No. 7 was only 4-5 ju, while in the region of the trunk from

which the branch was secured the diameter increase amounted to

229 m- It is very evident, therefore, that in a larch of this age

under isolated conditions growth does not begin first in the twigs

and then extend to the trunk, but rather it begins first in the

The figures in table xi give no strong indication of the region

in which growth first began. The diameter increase was greatest

just below the 4th, 6th, and 7th whorls of branches. No increase

was manifest near the apex.

In order further to check the work of 1909 a few cuttings were

made from another tree in the nursery row on May 22. This tree
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was now approximately 15 years of age. Cuttings were removed

from the south side of the trunk below the 1st, 5th, 7th, and 9th

whorls of branches. The results from the measurement of the

xylem are found in table xii.

While no conclusions can be drawn respecting the inception of

growth the indications again point to the middle region. The

figures are of interest mainly because of the fact that growth of

xylem has occurred before May 25, which was the date of xylem

development in 1909.

Factors influencing date of xylem formation

Temperature, moisture, and insolation are important factors

in all growth phenomena. In 1909 and 191 1 the opening of buds

of larch began April 19. In 1909 the xylem formation began on

May 25, while in 191 1 the xylem formation began about May 20.*

The temperature, moisture, and sunshine figures for the intervals

between the bud opening and wood formation are found in the

following table. The mean temperature for the day is considered

as the number of heat units for that day, and the total heat unitsf

is considered as the sum of these mean temperatures.

The number of heat units then during the interval before wood

formation in 191 1 was almost as great as that during the longer

period of 1909, while the amount of sunshine was greater during

the 191 1 period. The amount of precipitation at this time of the

year was not important as sufficient water was available both

seasons. In 1911, however, the mean temperature for the three

days preceding wood formation ranged from 76 F.-78 F. and for

the three days preceding this period the range of the mean temper-

atures was 62 F.-69 F. During 1909 the nine days preceding

wood formation ranged in mean temperature from 50 f .-54 r •

except one day which had a mean temperature of 58. The three
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days preceding wood formation in 1909 had 39.4 hours of sun-

shine; the same period in 191 1 had 26.2 hours of sunshine. It is

very probable therefore that during 191 1 the relatively higher

temperature for the six days preceding wood formation was

important in hastening the inception of xylem formation.

Summary

Results of 1909. (1) Cambium and phloem development.—
The cambium in the trunk during the resting condition consists

of six rows of cells 34 ju diameter. On April 19 the first material

collected exhibited an increase in diameter of the cambium tissue.

The cambium cells were all enlarged while the outer cells were in

the process of transformation, changing from a rectangular to

square shape as viewed in cross section. In the middle regions of

the trunk on April 19 an increase in phloem cells was evident.

The increase of cambium and phloem was gradual over the entire

trunk in tree A up to May 25, the greatest increase being main-

tained in the middle region. Similar conditions were found in

tree B, though here the increase of new phloem cells was more

marked. The greatest growth of phloem occurred immediately

after May 25 and was coincident with the greatest development of

xylem.

(2) Xylem development.—In tree A no xylem was formed before

May 25. In tree B a few xylem cells were formed by May 2$ in

the middle regions of the trunk. Growth of xylem was almost

simultaneous, however, in all parts of the trunk. The greatest

growth occurred immediately after May 25 and in tree C the

xylem was nearing completion by July 6.

Results of 191 i.—(i) Growth in diameter in the lateral

branches begins first in the middle branches and is followed by
that in the basal and apical branches.

(2) In the individual branches growth begins first at the apex

and then descends towards the base.

(3) Diameter increase of the trunk precedes that in the

branches and twigs.

(4) Temperature and insolation conditions in 191 1 induced

wood formation five days earlier than in 1909.

(5) No direct evidence was secured in 1



region in the trunk of first cambial activity. Indications pointed

again to the middle and basal regions.

Discussion of Results

In a number of anatomical text books it is stated that the

xylem development precedes that of the phloem. This idea is

conveyed rather ambiguously by Stevens.* In the American
larch the development of phloem certainly precedes that of xylem

and its most rapid development is coincident with that of the

xylem. Brown'sf figures indicate that in Pinus rigida a similar

condition prevails.

The results obtained by the writer do not agree with those of

Th. Hartigt with 30-year old European larch, wherein diameter

increase near the base of the trunk was two to four weeks later

than that in the twigs and branches. The factors which may
operate to cause this difference are considered subsequently. My
results agree with those of Brown§ who finds that in Pinus rigida

the first diameter increase of xylem begins a few meters below the

apex. The work of Brown was done during the same period as

that of the writer and on trees in a plot adjacent to those used in

this investigation.

Respecting the date of diameter increase Buckhout states that

in European larch it is coincident with leaf formation. It is

very probable that the diameter increase at this time is due mainly

to a swelling of the tissues. In my investigations the development

of xylem began a month later than the beginning of leaf formation.

From observations made during the past two years with a consider-

able number of trees and from the results of other investigators it

seems probable that in general growth in diameter does not begin

until the leaves have been fully developed and have been suffici-

ently active in food making to supply the requirements of rapid

cell formation. The reserve foods stored up in the fall are prob-

ably largely utilized in leaf and also in blossom formation, when

the latter precede the formation of leaves.
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What factors operate to cause growth inception in a particular

part of a tree? Robt. Hartig* believed that temperature was the

most important factor, consequently insolation, temperature of

the air and of the soil moisture, and thickness of the bark are

the essential factors which determine the region of first diameter

increase. No doubt these factors are important, as considerable

evidence indicates that in old trees diameter increase is delayed

at the base of trunk where insolation is poor and the bark is thick.

In young trees, however, these are not the only factors. In the

larch trees of 13 years of age the diameter increase did not begin

first in those regions with the thinnest bark and best insolation.

The thickness of the bark at the apex, middle and base of the

tree A was respectively 596 ju, 1,937 m. and 3,278 ». So also in

the isolated tree E the inception of diameter increase did not occur

in the parts of the tree best insolated and with the thinnest bark,

but rather in the thicker barked and more poorly insolated parts

of the tree, namely the middle and basal regions of the trunk. In

the individual branches, however, growth in diameter began in the

regions of thinnest bark and of best insolation.

Whittenf has shown that the color of the bark may be impor-

tant in the time of growth inception of buds. The color of the

bark may be a factor in determining the region of diameter increase

in young trees of larch. The color of the bark of the apical part

of the trunk in spring is yellowish to greenish, becoming darker

towards the base. The darker color, because of its capacity for

heat absorption, may counteract the insulating effect of the thick

bark, consequently the diameter increase begins in the basal and
middle regions. The growth begins first in the middle regions

because the bark here is of the same color as that of the basal

regions and is only about half as thick. The fact that in the

branches and twigs of larch the opening of buds on the apical

regions is retarded is suggestive of the influence of the color of the

bark. The bark of the apical regions being of lighter color less

heat is absorbed, its temperature therefore is lower and the devel-

opment of the buds is slower. This is in agreement with the
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results obtained by Whitten* on the date of blossoming of green-

and purple-twigged peach trees.

The temperature of the soil moisture and of the air, and the

thickness and color of the bark are not the only factors operative

in inducing diameter increase. Certainly as regards all of the

above factors the branches are all more favored than the trunk

of the tree, yet in the isolated tree E the diameter increase began

first in the trunk. Food supply may be a factor in stimulating the

cambium of the trunk to diameter increase, before there is develop-

ment in the branches. It is not possible to state the influence of

food supply. Controlled experimental work with this as well as

with the other factors is necessary to give an idea of the influence

of each in stimulating the cambium to activity.

In conclusion it should be stated that considerably more work

is necessary in order to establish the region of the tree in which

cambium activity first begins. No doubt different conditions will

be found for trees of the same species of different ages, and for

trees of different species and genera. Investigations of this

character are important because only by such studies can the

factors be determined which stimulate cambium activity. It is

essential also to determine the period and extent of phloem and

xylem formation in trees and the duration of cambium activity.

Much more work remains to be done along this line. Such work

is of especial importance in fruit culture and in a subsequent paper

the results of such an investigation will be presented.

Cornell University.





INDEX TO AMERICAN BOTANICAL LITERATURE

(1910-1913)

exclusively to forestry, agriculture,

at the rate of one cent for each card. Selections of cards are not permitted ; e

subscriber must take all cards published during the term of his subscription. Coi

spondence relating to the card issue should be addressed to the Treasurer of the Tor
Botanical Club.

Abrams, L. The gymnosperms growing on the grounds of Lelai

Stanford Jr. University. Dudley Memorial Volume (Stanfo

Univ. Publ.) 81-110. 1913. [Illust.]

Albert, F. El verdadero pino Oregon. Pseudotsuga taxifolia. B.

Bosques, Pesca i Caza 1: 444-461./. 1-14- Ja 1913-

Alsberg, C. L., & Black, O. F. Contributions to the study of mai

deterioration. U. S. Dept. Agr. Plant Ind. Bull. 270: 5-48. pi.

11 Mr 1913.

Bartlett, H. H. Systematic studies on Oenothera,—II. The delim

tation of Oenothera biennis L. Rhodora 15: 48-53. pi. 102, 10,

12 Ap 1913.

Bean, W. J. Pyrus ioensis. Curt. Bot. Mag. IV. 9: pi- S4S8. A

Beardslee, H. C. An acre of Lysurus. In Lloyd, C. G., Mycological

notes 38: 515, 516. X 1912.

Beardslee, H. C. A much named agaric. In Lloyd, C. G., Mycological

notes 38: 524./. 5 *9- N 1912.

Berger, A. Cereus Bridgesii S.-D. Monats. Kakteenk. 23: 44, 45.



296 Index to American botanical literature

Blakeslee, A. F., & Jarvis, C. D. Trees in winter. Their study, plant-

. ing, care and identification. 1-446. New York. 1913. [Must.]

Bodeker, F. Uber einige Coryphanthen und deren Bluten. Monats.

Britton, E. G. Wild plants needing protection. 6. " Wild Azalea

"

{Azalea nudiflora L.). Jour. N. Y. Bot. Gard. 14: 79-81. pi. 114-

Ap 1913.

Britton, N. L., & Rose, J. N. Studies in Cadaceae—I. Contr. U. S.

Xat. Herb. 16: 239-242. pi. 66-73. 10 Ap 1913.

Includes new species in Echinocactus (2), Epiphyllum (1), Hylocereus (1). Xyc-

Brown, H. B. Studies in the development of Xylaria. Ann. Myc. 11 :

Brown, W. H. The relation of the substratum to the growth of Elodea.

Philipp. Jour. Sci. 8: (Bot.) 1-20. F 1913.

Brown, W. H., & Graff, P. W. Factors influencing fungus succession

on dung cultures. Philipp. Jour. Sci. 8: (Bot.) 21-29. F 1913.

Bunzel, H. H. A biochemical study of the curly-top of sugar beets.

U. S. Dept. Agr. Plant Ind. Bull. 277: 5-28. 13 Mr 1913.

Campbell, D. H. The morphology and systematic position of Caly-

cnlaria radicidosa (Steph.). Dudley Memorial Volume (Stanford

(Univ. Publ.), 43-6i. /. 1-12. 1913.

Campbell, D. H. William Russel Dudley. Dudlev Memorial Volume
(Stanford Univ. Publ.) 11-15. 1913.

Cannon, W. A. Some relations between salt plants and salt-spots.

Dudley Memorial Volume (Stanford Univ. Publ.) 123-129. 191 3.

Claassen, E. Caloplaca pyracea (Ach.) Th. Fr., a crustaceous lichen

on the sandstone sidewalks of east Cleveland, Ohio. Ohio Xat. 13

:

99. 100. 25 Mr 1913.

Cockerell, T. D. A. Fossil flowers and fruits.—III. Torreya 13:

75, 76. Ap 1913.

Includes descriptions of Sambucus EUisiae and Pkalaris (?) geometrorum spp. nov.

Cocks, R. S. Leguminosae of Louisiana. Louisiana Nat. Hist. Surv.

Bull. 1: v-vi+ 1-26. S 1910. [Illust.l

Collins, G. N. A variety of maize with silks maturing before the tassels.

U. S. Dept. Agr. Plant Ind. Circ. 107: 3-1 1./. 1-3. 7 F 191 3.

Collins, G. N., & Kempton, J. H. Inheritance of waxy endosperm in

hybrids with sweet corn. U. S. Dept. Agr. Plant Ind. Circ. 120:

21-27./. 1. 5Api9i3-
Cook, O. F. The abortion of fruiting branches in cotton. U: S. Dept.

. Circ.



Index to American botanical literature 297

Cook, O. F. Durango cotton in the Imperial Valley. U. S. Dept.

Agr. Plant Ind. Circ. Ill: 11-22./. 1-5. 1 F 191 3.

Cook, O. F. Leaf-cut, or tomosis, a disorder of cotton seedlings.

U. S. Dept. Agr. Plant Ind. Circ. 120: 29-34./. 1. 5 Ap 1913.

Cook, O. F. A new ornamental palmetto in southern Texas. U. S.

Dept. Agr. Plant Ind. Circ. 113: 11-14. 15 F 1913.

Cook, O. F. Wild wheat in Palestine. U. S. Dept. Agr. Plant Ind.

Bull. 274: 5-56. pi. 1-15. /. 1-11. 3 Ap 1913.

Daines, L. L. Comparative development of the cystocarps of Anti-

thamnion and Prionitis. Univ. Calif. Pub. Bot. 4: 283-302. pi. 32-

34- 31 Mr 1913.

Dewey, L. H. A purple-leaved mutation in hemp. U. S. Dept. Agr.

Plant. Ind. Circ. 113: 23, 24. 15 F 1913.

Dillman, A. C. Grasses for canal banks in western South Dakota.

U. S. Dept. Agr. Plant. Ind. Circ. 115: 23-31./. /, 2. 1 Mr 1913.

Dudley, W. R. The vitality of the Sequoia gigantea. Dudley Memorial

Volume (Stanford Univ. Publ.) 33-42. 1913.

Dutton, D. L. Additions to the lichen flora of Vermont. Bull.

Vermont Bot. Club 8: 16, 17. Ap 1913.

East, E. M. Inheritance of flower size in crosses between species of

Nicotiana. Bot. Gaz. 55: 177-188. pi. 6-10. 15 Mr 1913.

Eckerson, S. A physiological and chemical study of after-ripening.

Bot. Gaz. 55: 286-299. 15 Ap 1 91 3.

Eggleston, W. W. A trip across Vermont by Luigi Castigilioni, an

Italian nobleman, in August, 1785. Bull. Vermont Bot. Club 8:

21, 22. Ap 1913.

Estee, L. M. Fungus galls on Cystoseira and Halidrys. Univ. Calif.

Pub. Bot. 4: 305-316. pi. 35. 31 Mr 1913.

Fan-child, D. Some Asiatic Actinidias. U. S. Dept. Agr. Plant Ind.



Index to Am I literature

Gates, R. R. A
Mr 1913.

Gates, R. R. Tetraploid mu
Centralb. 33:92-99. 20 F 1913:33: 1 13-150. /. 1-7. 20 Mr 1913.

Goodrich, L. L. H. Flora of Onondaga County as collected by the

members of the Syracuse Botanical Club. 1-210. Syracuse, 1912.

[Illust.]

Goodspeed, T. H. On the partial sterility of Nicotiana hybrids made

with -V. sylvcstris as a parent. Univ. Calif. Publ. Bot.5: 189-198-

21 Mr 1913.

Harger, E. B. Some plants of the Southbury Triassic area. Rhodora

15: 65-68. 23 Ap 1913.

Hawkins, L. A. The effect of certain chlorides singly and combined in

pairs on the activity of malt diastase. Bot. Gaz. 55: 265-285.

15AP1913.
Hawkins, L. A. Experiments in the control of grape anthracnose.

U. S. Dept. Agr. Plant Ind. Circ. 105: 3-8. pi. 1, 2. 10 F 1913.

Hemenway, A. F. Studies on the phloem of the dicotyledons— II.

The evolution of the sieve tube. Bot. Gaz. 55: 236-243. pi. ii-

+/. 1-3. 15 Mr 1913.

Higgins, B. B. The perfect stage of Cylindosport urn on Primus avium.

Science II. 37: 637, 638. 25 Ap 1913.

The perfect stage is named Coccomyces hiemalis sp. nov.

Hoffman, C. Paraffin blocks for growing seedlings in liquid culture

solutions. Bot. Gaz. 55: 244-248./. 1-3. 15 Mr 1913.

Holden, R. Cretaceous Pityoxyla from Cliffwood, New Jersey. Proc.

Am. Acad. Arts & Sci. 48: 609-624. pi. 1-4. Mr 191 3.

Howe, I. A. New botanical finds for St. Johnsbury. Bull. Vermont
Bot. Club. 8: 15, 16. Ap 1913.

Howe, R. H. A further note on the Linnean Herbarium. Torreya

13:77,78. 6 Ap 1913.

Hubbard, F. T. A Panicum unreported in New England. Rhodora 15

:

64. 12 Ap 1913.

Kellerman, K. F. The excretion of cytase by Penicillium pinophilum.

U. S. Dept. Agr. Plant Ind. Circ. 118: 29-31. /. /, 2. 22 Mr 1913.

Kellerman, K. F. Soil bacteriology as a factor in crop production.

U. S. Dept. Agr. Plant Ind. Circ. 113: 3-10./. 1. 15 F 1913.



Index to American botanical literature 299

,
K. F. Testing cultures of nodule-forming bacteria. U. S.

Dept. Agr. Plant Ind. Circ. 120: 3-5. /. /. 5 Ap 1913.

Kempton, J. H. Floral abnormalities in maize. U. S. Dept. Agr.

Plant Ind. Bull. 278: 5-18. pi. 1, 2+f. 1, 2. 2 Ap 1913.

Kirk, G. L. Some West Haven plants. Bull. Vermont Bot. Club 8:

17, 18. Ap 1913.

Knowlton, F. H. The fossil forests of Arizona. Am. Forestry 19:

207-218. Ap 1913.

Kunze, R. E. Echinocactus Wislizeni Engel. and Echinocadus Lecontei

Engel. Torreya 13: 73-75. 6 Ap 1913.

Lawrence, W. H. Bluestem of the black raspberry. Washington Agr.

Exp. Sta. Bull. 108: 3-30./. i-4Q. O 1912.

Caused by Acrostolagmus cauhphagus sp. nov.

Lawrence, W. H. Plant diseases induced by Sclerotinia perplexa nov.

sp. Washington Agr. Exp. Sta. Bull. 107: 3-22./. I-Q. 1912.

Lloyd, C. G. Mycological Notes 38: 510-524./. 510-519. N 1912.

[Illust.]

Lyon, T. L., & Bizzel, J. A. The influence of alfalfa and of timothy on

the production of nitrates in soils. Centralb. Bakt. Zweite Abt.

37: 161-167. 29 Mr 1913.

Maublanc, A. Sur une maladie des feuilles du papayer " Carica

Papaya." A Lavoura 16: 208-212. 1913. [Illust.]

Caused by Sphaerella Caricae (Speg.) Maublanc. the ascigerous stage of Cer-

cospora Caricae Speg. The same paper is published also in Portuguese under the

May, J. B. A teratological specimen of Cypripediiim acanle. Rhodora

15: 73, 74- 23 Ap 1913.

McAtee, W. L. A list of plants collected on St. Vincent Island, Florida.

Proc. Biol. Soc. Washington 26: 39~52- 22 Mr 1913.

McBeth, I. G., & Scales, F. M. The destruction of cellulose by bacteria

and filamentous fungi. U. S. Dept. Agr. Plant Ind. Bull. 266: 9-52.

pi 1-4. 21 F 1913.

McKee, R., & Ricker, P. L. Xonperennial Medicagos: the agronomic

value and botanical relationship of the species. U. S. Dept. Agr.

Plant Ind. Bull. 267: 5-38. pi. 1-13- 21 F 1913.

McMurphy, J. The Synchytria in the vicinity of Stanford University.

Dudley Memorial Volume (Stanford Univ. Publ.) 111-114- pi- *• 2.

1913.

Meade, R. M. Methods of securing self-pollination in rution. U. S.

Dept. Agr. Plant Ind. Circ. 121: 29, 30- /• '• 12 Ap 1915.



300 Index to American botanical literature

Meade, R. M. Supernumerary carpels in cotton bolls. U. S. Dept.

Agr. Plant Ind. Circ. ill: 25-28. /. 1, 2. I F 1913-

Merrill, E. D. A flora of Manila. Bur. Sci. Manila Pub. 5'- 1-490.

31 D 1912.

Merrill, E. D. Studies on Philippine Rubiaceae, I. Philipp. Jour. Sci.

7: (Bot.) 31-62. pL 1. F 1913.

Thirty-five new species are described.

Meyer, R. Echinopsis calochlora K. Sch. Monats. Kakteenk. 23:

33,34- i5Mn 9 i3.

Montgomery, E. G. Experiments in wheat breeding: experimental

error in the nursery and variation in nitrogen and yield. U. S.

Dept. Agr. Plant Ind. Bull. 269: 5-61. pi. Z-4+f. J-22. 24 Ap 1913-

Nash, G.V. The cedar of Lebanon. Jour. N. Y. Bot. Gard. 14: 86-89.

pi. 115. Ap 1913.

Newcombe, F. C. The scope and method of state natural history

surveys. Science II. 37: 615-622. 25 Ap 1913.

Nichols, G. E. A simple revolving table for standardizing porous cup

atmometers. Bot. Gaz. 55: 249-251./. 1. 15 Mr 1913.

Northup, Z. The influence of certain acid-destroying yeasts upon lactic

bacteria. Mich. Agr. Exp. Sta. Bull. 15: 3-35. Je 1912.

Oakley, R. A., & Garver, S. Two types of proliferation in alfalfa.

U. S. Dept. Agr. Plant Ind. Circ. 115: 3-13./. 1-8. 1 Mr 1913.

Orton, W. A. Powdery dry-rot of the potato. U. S. Dept. Agr.

Plant Ind. Circ. no: 13-15. 18 Ja 1913.

Otis, C. H. Michigan trees. A handbook of the native and most

important introduced species. Michigan Univ. Bull. 14: i-xxxii +
1-246. Mn 9 i3. [Illust.]

Parish, S. B. The California Paroselas. Bot. Gaz. 55: 300-313./. 1-5 •

15API913.

Peirce, G. J. Studies of irritability in plants.—III. Dudley Memorial
Volume (Stanford Univ. Publ.) 62-80./. 1-4. 1913.

Pierce, N. B. A new walnut. Science II. 37: 613, 614. 18 Ap 1913.

Pool, V. W., & McKay, M. B. The control of the sugar-beet leaf-spot.

U. S. Dept. Agr. Plant Ind. Circ. 121: 13-17. 12 Ap 1913.

Quehl, L. Mamillaria echinoidea Quehl spec, nov. Monats. Kakteenk.

23:42,43. 15 Mr 191 3- [IUust.]

Rangel, E. Grave molestia do coqueiro (Cocos nucifera L.). A
Lavoura 16: 199-201. 1913. [Illust.]



Index to American botanical literature 301

Rigg, G. B. The effect of some Puget Sound bog waters on the root

hairs of Tradescantia. Bot. Gaz. 55: 314-326. 15 Ap 1913.

Roberts, J. W. The "rough bark " disease of the yellow Newton apple.

U. S. Dept. Agr. Plant Ind. Bull. 280: 5-16. pi. 1-3+f. 1, 2. 12 Ap
1913.

Rood, A. N. Juncus monostichus in Ohio. Rhodora 15: 62. 12 Ap
1913.

Saccardo, P. A. Notae mycologicae. Ann. Myc. 11: 14-21. 15 Mr

Sargent, F. L. Plants and their uses. An introduction to botany.

i-x+ 1-610. /. 1-384. New York, 1913.

Seeley, H. M. Some features of the dandelion. Bull. Vermont Bot.

Club 8: 13, 14. Ap 1913.

Setchell, W. A. Mushrooms and toadstools. Univ. Calif. Agr.

Exp. Sta. Circ. 84: 1-4. Ja 1913.

Shantz, H. L. The effects of artificial shading on plant growth in

Louisiana. U. S. Dept. Agr. Plant Ind. Bull. 279: 5-31. pi. 1-6

+/. 7-iz. 16 Ap 191 3.

Sharp, K. D. Summer in a bog. 1-149. Cincinnati, 1913.

Shear, C. L., & Wood, A. K. Studies of fungous parasites belonging

to the genus Glomerella. U. S. Dept. Agr. Plant Ind. Bull. 252:

5-1 10. pi 1-18+f. 1-4. 25 Ja 1913.

Slosson, M. The stag-horn ferns. Jour. N. Y. Bot. Gard. 14: 63-67.

pi. 112, 113. Mr 1913.

Small, J. K. The genus Malpighia in Jamaica. Torreya 13: 77- Ap

1913.

Malpighia Harrisii Small sp. nov. described.

Small, J. K. Report on exploration in tropical Florida. Jour. N. Y.

Bot. Gard. 14: 81-86. 6 Ap 1913.

Smith, M. V. (Mrs. C. H.) An old-time herbarium. Bull. Vermont

Bot. Club 8: 19-21. Ap 1913.

Speare, A. T., & Colley, R. H. The artificial use of the brown-tail

fungus in Massachusetts, with practical suggestions for private

experiment, and a brief note on a fungous disease of the gypsy

caterpillar. 5-31. pi. 1-8+f. 1, 2. Boston, 1912.

Sprague, T. A. Hypericum Kalmiannm. Curt. Bot. Mag. IV 9:

pi. 8491. Ap 191 3.



302 Index to American

Starr, A. M. Poisoning by Ginkgo. Bot. Gaz. 55: 251. 15 Mr 1913.

Steele, E. S. An investigation of
"
Laciniaria scariosa" Torreya 13:

78, 79. 6 Ap 1913.

Stone, G. E. A list of plants growing without cultivation in Franklin,

Hampshire and Hampden Counties, Massachusetts, i-vii+ l-72.

Amherst, 1913.

Stone, G. E. Mog*olia tripekUa in Springfield, Massachusetts. Rho-

dora 15: 63. 12 Ap 191 3.

Sturgis, W. C. The Myxomycetes of Colorado.—II. Colorado Col.

Publ. Sci. 12: 435-454- pi- 2. Ap 191 3.

Sudworth, G. B. Forest atlas. Geographic

American trees. Part 1— Pines. Maps i-jt

U. S. Dept. Agr. Forest Service Publication.

Underwood, J. G. Notes on flora of Stratton, Franklin, Berkshire.

Newport, Island Pond, and Hartland. Bull. Vermont Bot. Club 8:

s-12. Api 9 i 3 .

Underwood, J. G. Phlox divaricate in Vermont. Rhodora 15: 79.

23AP1913.
Underwood, J. G. Plants new to Hartland, collected in 191 2. Bull.

Vermont Bot. Club 8: 22, 23. Ap 1913.

Victorin,—. Notes on the occurrence of interesting forms of Cyperaceae

in Quebec. Ottawa Nat. 27: 15, 16. 21 Ap 1913.

Wagner, E. Allerlei aus dem Kakteenkasten. Monats. Kakteenk. 23:

43. 44- 15 Mr 191 3.

Wakeman, N. The Monardas. A phytochemical study. Bull. Univ.

Wisconsin Sci. Ser. 4: 81-128. Au 191 1.

Wellington, R. Studies of natural and artificial parthenogenesis in

the genus Nicotiana. Am. Nat. 47: 279-306. My 1913.

Wheeler, L. A. Additions to the flora of West River Valley in 191 2.

Bull. Vermont Bot. Club 8: 14, 15. Ap 1913.

White, O. E. The bearing of teratological development in Xicotiana

on theories of heredity. Am. Nat. 47: 206-228./. 1, 2. Ap 1913.

White, T. H. Tomato variations induced by culture. Maryland Agric.

Exp. Sta. Bull. 173: I2I-I33./. IS- Ja 1913-



Wilcox, E. M., Link, G. K. K., & Pool, V. W. A dry rot of the Irish

potato tuber. Nebraska Agr. Exp. Sta. Research Bull, i: 5-8S.

pi. 1-28+f. 1-15. 1 Mr 1913.

Williams, A. Carnivorous plants of Ohio. Ohio Nat. 13: 97-99- 25





Bl'J.L. Torrey Clui







• Torrev Club

KNl'DSON: CAMB





Vol. 40

BULLETIN

TORREY BOTANICAL CLUB

Studies on the West Indian Vernonieae, with one new species from

Mexico

Seven years ago, in the Revision of the North American

Vernonieae,* forty-three species and one variety of Vernonia were

recognized from the West Indies, together with several species of

other genera. Since that time, the New York Botanical Garden

has been actively engaged in the systematic exploration of these

islands, especially Cuba, and has accumulated much valuable

material. Director N. L. Britton has recently extended to me
the facilities of the Garden, and has given me the opportunity to

examine the new material in this tribe of Carduaceae. The
results of this study are herewith presented.

Of the forty-four species and varieties recognized in the re-

vision, three have been found untenable and are reduced to

synonymy: V. sublanata Gleason, V. Thomae Benth., and V.

Sintenisii (Urban) Gleason. The variety has been raised to

specific rank. Four old species, not recognized in the revision,

are shown by the recent collections to be distinct, and are admitted

as species: V. acuminata Lessing, V. Ottonis Sch.-Bip., V. Wrightii

Sch.-Bip., and V. fruticosa (L.) Sw. For the identification of the

latter, we are indebted to Dr. Urban, who has also described a new

species, V. Tuerckheimii. The collections at the Garden, supple-

mented by some material loaned by the Gray Herbarium and the

Missouri Botanical Garden, are also found to contain seventeen
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new species, which are here described. The total number of

species of Vernonia recognized from the West Indies at the present

time is therefore sixty-three. In addition, an Asiatic species

escaped or adventive in Guadeloupe has been found to differ from

Vernonia in particulars important enough to warrant its segrega-

tion, and a new species of the related genus Eremosis has been

described from Mexico.

Cyanthillium Blume, Bijdr. Flora Nederl. Indie 889. 1826

Isonema Cass. Bull. Soc.Philom.1817: 152. 1817. Not Isonema

Cyanthyllium Blume, Flora Ja.vae 1

:

vi. 1828.

Cyanopis Blume, Flora Java e 1: vi . 1828; DC. Prodr.

1836.

Cyanopsis Endl. Ench. 232. 1841. Not Cyanopsis Cass.

Soc. Philom. 1817: 200. 1817.

Claotrachelus Zoll. Nat. en Geneesk. Arch. Neerl. Indie 2: 565-

1845, ./Kfe Hoffman, in Engl. & Prantl, Nat. Pfl.-Fam.

The genus differs from Vernonia in its very fragile, uniseriate

pappus, and its 4-5-angled achenes.

Cyanthillium chinense (Lam.) comb. nov.

Eupatoria conyzoides foliis glabris summo caule ramosior, lamii folio

flore purpureo Pluk. Phytographia pi. 177. f. 2. 1691.

Conyza chinensis Lam. Encyc. 2: 83. 1786.

Conyza patula Ait. Hort. Kew. 3: 184. 1789.

Isonema ovata Cass. Diet. Sc. Nat. 24: 25. 1822.

Conyza odorata Willd. in Spreng. Syst. 3: 511. 1826.

Cyanthillium villosum Blume, Bijdr. Flora Nederl. Indie 889.

1826.

Cyanthillium pubescens Blume, Bijdr. Flora Nederl. Indie 890.

1826.

Centratherum chinense Less. Linnaea 4: 320. 1829.

Vernonia chinensis Less. Linnaea 6: 105, 674. 1831.

Cyanopis pubescens DC. Prodr. 5: 69. 1836.

Cyanopis villosa DC. Prodr. 5: 69. 1836.

Claotrachelus rupestris Zoll Nat. en Geneesk. Arch. Negri. Indie

2: 565- 1845.
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As long ago as 1829 Lessing mentioned a specimen of this

species from the "insulis Caribaeis" in Willdenow's herbarium.

The herbarium of the New York Botanical Garden now contains

a specimen from Guadeloupe, Duss 4032, where it occurs in a single

locality. It is therefore admitted as a member of the North

American Flora.

Species-group Arborescentes

Vernonia icosantha DC. Occurs also in Guadeloupe Island,

Duss 2812.

Vernonia arborescens (L.) Sw. This species, typically of

Jamaica, occurs also in Grand Cayman, Hitchcock, in the herbarium

of the Missouri Botanical Garden.

Vernonia amaranthina sp. nov.

Apparently herbaceous and freely branched, height not re-

ported; stem and branches straight, striate, closely and softly

pubescent or tomentulose, the branches ascending; leaves spread-
ing, firm, rather dull green, ovate-lanceolate to narrowly oblong-

elliptical, the principal ones 7-9 cm. long by 2-3 cm. wide, acute
or short-acuminate, entire or somewhat irregular at the margin,
but not serrate, narrowed to an acute base, minutely papillose-

pubescent and scabrellate to the touch above, pubescent, espe-

cially along the veins, and minutely glandular beneath, veins

conspicuous, elevated beneath, the lateral ones strongly ascending;

petioles definite, 5-10 mm. long, pubescent or tomentulose;

inflorescence freely branched and spreading; cymes short, naked
below and bearing 2-5 heads aggregated near the tip, or separated

by internodes less than 1 cm. long; rameal leaves resembling the

cauline but smaller, those subtending the cymes narrowly ob-

lanceolate, 1-2 cm. long, those subtending the heads linear to

narrowly oblanceolate, shorter than or barely equaling the in-

volucre; heads 21-29-flowered, sessile; corolla purple; involucre

campanulate, about 5 mm. high, its scales purplish, thinly

pubescent, irregularly imbricated, the outer triangular to ovate,

sharply acute and somewhat cuspidate, the inner oblong, rounded

to a mucronulate tip; achenes densely hirsute, 1.5 mm. long;

pappus white, 4 mm. long, the outer series conspicuous.

Type, E. G. Britton 2897, from "Greenland," Jamaica, March

13, 1908, in the Herbarium of the New York Botanical Garden.

Britton & Hollick 2133, from Green Island, Jamaica, is also
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referred here. The latter is a virgate plant 2 meters high, and the

inflorescence is consequently small and composed of relatively

few heads. It differs in no essential way from the type.

V. amaranthina is distinguished from V. arborescens, its nearest

relative, by the rounded and mucronulate inner scales of the

involucre and its short contracted cymes, contrasting with the

er scales and elongated cymes of V.

Species-group Araripenses

The status of the first three species in the key above is still

open to question and may require future adjustment. Gardner's

type locality for V. araripensis was in Brazil, and it is scarcely

probable that the same species occurs in the Antilles, especially

as far as Cuba or Santo Domingo. Authentic specimens of

Lessing's V. stenophylla have not been seen, and the plants

referred to his name differ in some slight features from the original

description. Both species are accepted solely on the authority

of certain European students of the genus.
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Vernonia corallophila sp. nov.

Stem erect, herbaceous, 4 dm. high, virgate, finely striate,

strigose-pubescent; leaves sessile, narrowly linear, rigid, revolute,

one-nerved, 1-3 cm. long, strigose-hispid and punctate above,
densely strigose-pubescent beneath; inflorescence cylindrical or

sparingly branched; heads n-flowered, in the axils of the upper
leaves or rarely 2 or 3 together on a short ascending lateral cyme;
bracteal leaves resembling the cauline, but reduced in size and
the upper barely exceeding the heads; involucre turbinate, 5-6
mm. high, its scales all straight, erect, very loosely imbricated,

strigose-pubescent, the outer subulate, the inner narrowly oblong,

long-acuminate; achenes pubescent, 2 mm. long; pappus nearly

white, the inner series 4-5 mm. long.

Type, Britton 1939, from a coral limestone beach at the United

States Naval Station, Guantanamo Bay, Oriente, Cuba, March

J 7-30, 1909, deposited in the Herbarium of the New York Botanical

Garden.

The species is readily distinguished by its slender virgate

inflorescence and small leaves from V. stenophylla with its long

leaves and divaricate inflorescence.

Vernonia angustata sp. nov.

Vernonia sublanata angustata Gleason, Bull. N. Y. Bot. Gard. 4:

177. 1906.

Herbaceous, height not stated; stems slender, puberulent or

thinly pubescent, sparingly branched above; leaves thin, flat,

spreading, narrowly oblong with parallel sides, 3-5 cm. long, 4-8

mm. wide, obtuse or rounded, mucronate, entire, acute at the

base, thinly pubescent above, closely gray-tomentose beneath,

one-nerved; petioles 1-2 mm. long; cymes few, widely spreading

or horizontal, simple or sparingly branched, bearing 2-7 heads

each; internodes 1-2 cm. long, depressed or gently curved be-

tween the heads; bracteal leaves like the cauline, but gradually

reduced in size, and the upper only 1 cm. long; heads sessile,

distinctly secund, about 18-flowered; involucre broadly campanu-

late, 6-7 mm. high, its scales loosely and irregularly imbricated,

strigose-pubescent, acuminate or sharply acute, the outer lanceo-

late, the inner narrowly oblong; achenes pubescent, 2 mm. long;

pappus white, the inner series 6 mm. long.
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Vernonia g

Vernonia sublanata Gleason, Bull. N. Y. Bot. Gard. 4 : 177. 1906.

Dr. Urban has established the identity of these two species by

the examination of authentic material, and they are accordingly

united here. The species appears to be common and widely

distributed in Cuba from the province of Havana eastward.

Species-group Divaricatae

The history of this group of Vernonieae begins with the

publication of V. divaricata by Swartz in 1806. This was followed

in 1 83 1 by Lessing's V. acuminata, and no further addition was

made to the group until 1906, when Gleason described V. albicoma

and V. expansa. During the last half-century V. divaricata and

V. acuminata have been usually considered identical. The whole

group, so far as known, is confined to Jamaica, and the ample

collection in the Herbarium of the New York Botanical Garden
includes seven distinct species.

At the present time the chief difficulty lies in determining to

which of these seven species the old names divaricata and acuminata

belong. Certain characters given by the authors in their original

descriptions serve to exclude one or another of the species, and
by this process of exclusion it is possible to arrive finally at a

reasonable conclusion. It may be safely affirmed that the two
species described below are the only ones examined to which
these names can consistently be given, without doing violence to

some important feature of the original description.

Vernonia divaricata Sw. Fl. Ind. Occ. 3: 1319. 1806

A straggling shrub, 1-2 m. high; leaves spreading, thin, bright
green, elliptical or elliptical-lanceolate, 4-7 cm. long, 1.5-2.5 cm.
wide, acute or subacuminate, entire, narrowed to an acute base,
minutely puberulent above, thinly pubescent and finely punctate
with minute pellucid glands beneath, sessile or with petioles 1-5
mm. long; inflorescence of numerous, lax, loosely flowered, di-

varicate cymes, bearing each 5-15 secund heads, and frequently
prolonged into a leafy shoot; bracteal leaves oblanceolate to
narrowly oblong, barely exceeding the n-13-flowered heads; in-

volucre campanulate, about 4 mm. high; scales thinly strigose-
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pubescent, the inner oblong, gradually narrowed to a rounded tip,

the outer triangular-ovate, obtuse or acute.

The following specimens are referred here: Jamaica: Harris

8205, altitude 500 m.; Britton & Hollick 1996, altitude 700 m.;

Britton 431, 679; Cockerell.

Vernonia albicoma Gleason, Bull. N. Y. Bot. Gard. 4: 185. 1906

Stem woody, slender; leaves thin, bright green, elliptical or

elliptical-lanceolate, 5-6 cm. long, 1.5-2.3 cm. wide, acuminate,

subentire, tapering at the base, glabrate above, very finely pubes-

cent or glabrous beneath; petioles 5-7 mm. long; upper leaves

somewhat reduced ; inflorescence of 1-3 curved spreading terminal

cymes bearing each 5-10 sessile secund 18-flowered heads; bracteal

leaves lance-oblong, the middle ones about equaling the involucre,

which is broadly campanulate or hemispheric, 5 mm. high; scales

erect, loosely and irregularly imbricated, nearly glabrous, the

outer lanceolate, acuminate, the inner oblong, acute; pappus white.

Campbell 6152, from the foot of Long Mountain, Jamaica, alti-

Vernonia acuminata Less. Linnaea 6: 663. 1831

Shrubby, height not stated; stem finely cinereous-puberulent;

leaves thin, bright green, broadly ovate-lanceolate, 6-9 cm. long

and half as wide, long-acuminate, entire, acute at the base, very

sparsely and minutely puberulent on both sides, on petioles about

5 mm. long; inflorescence of numerous widely spreading freely

branched cymes, the ultimate branches bearing 3-7 heads; rameai

leaves lanceolate, 2-3 cm. long; bracts oblong-lanceolate to linear,

those at the ends of the cymes only 6 mm. long; heads 18-flowered

;

involucre campanulate, about 5 mm. high, its scales all obtuse

or the outer acute, pubescent, especially the outer series, the

exposed portion of the inner series oblong.

Wight 20, from wooded hillsides, Port Antonio, Jamaica.

Vernonia expansa Gleason, Bull. N. Y. Bot. Gard. 4: 186. 1906

A straggling shrub 2.5-3 m. high, branching above; leaves

numerous, rather crowded, thin, divaricate, ovate, 3~5 cm. long,

1.7-2.7 cm. wide, acute or subacuminate, entire, obtuse or broadly

rounded at base, sparsely and finely pubescent, or nearly glabrous

above; petioles 3 mm. long; upper and rameai leaves —
broadly elliptical, obtuse; inflorescence of sever,"

1 *"

bearing each 3-6 heads; bracteal leaves equaling <
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than the involucre; heads crowded, sessile, n-flowered; involucre

broadly campanulate, 4 mm. high; scales all appressed, closely

imbricated, glabrous or nearly so, rounded at the tip, the outer

broadly ovate, the exposed portion of the inner ovate.

Jamaica: Harris 8796, near Troy, altitude 2,000 ft., Britton

& Hollick 1956, woods, Bluefields Mountain, altitude 750 m.

Vernonia pluvialis sp. nov.

Apparently erect and branched only near the top, height 4
dm. or more; stem finely striate, glabrate, or thinly pubescent,

especially above; leaves spreading, or usually ascending, firm and
rigid, oblong-ovate to subrhomboid, broadest conspicuously above
the middle, the principal ones 3-5 cm. long by 1.1-1.9 cm. wide,

acute, entire and subrevolute, gradually narrowed to an obtuse

base, minutely puberulent on both sides and glandular-punctate

below; veins not prominent, sessile or on petioles 1-2 mm. long;

inflorescence of several short few-headed cymes in the axils of the

upper leaves, forming a compact leafy panicle; bracteal leaves

barely exceeding the heads, ovate to ovate-lanceolate; heads
crowded in clusters of 2-7, or sometimes single, sessile, not at all

secund, 8- (rarely 5-) flowered; involucre narrowly campanulate
or subcylindric, 5-7 mm. high, its scales puberulent, well imbri-

cated in several ranks, the outer ovate-triangular, acute or apicu-

late, the inner becoming oblong and slightly narrowed to an
obtuse or rounded tip; achenes densely hirsute, not mature in the

specimens examined; inner pappus pale brown, 4-5 mm. long on
the immature achenes.

Type collected by Forrest Shreve on Blue Mountain Peak,

Jamaica, May 14, 1906, and deposited in the Herbarium of the

New York Botanical Garden. Other sheets in the same herbarium
are Nichols 20, from moist woods, Morce's Gap, altitude 5,000

feet, Nichols 120, from the summit of Blue Mountain Peak, and
E. G. Britton 3856, from Sir John Peak.

Vernonia proclivis sp. nov.

Shrubby, about 2 m. high; stem sparingly branched, finely

striate, glabrate or thinly puberulent; cauline leave sconspicuously
reflexed, bright green above, pale green beneath, thin, elliptic-

oblong, widest at or near the middle, 6-8 cm. long by 2-3 cm. wide,
distinctly acuminate, entire, gradually narrowed or subacuminate
at base, glabrous and finely glandular-punctate with transparent
globules above and minutely black-punctate beneath ; veins promi-
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nent beneath; petioles 3-4 mm. long; rameal and bracteal leaves
similar, but much smaller; inflorescence cylindrical or pyramidal,
composed of numerous short, divaricate, irregularly branched
cymes, forming a terminal panicle, and bearing each 4-10 sessile,

crowded, 8-flowered heads near their tips; involucre narrowly
campanulate, 4-5 mm. high, its scales erect, regularly imbricated
in several ranks, thinly puberulent or glabrate, the outer ovate,
with acute or apiculate tips, the inner oblong, slightly narrowed
to a rounded tip; flowers purple to pale lavender; immature
achenes densely pubescent; outer pappus pale brown, 0.4 mm.
long, the inner brown, 4 mm. long.

Type, Britton 102, from Morce's Gap, near Cinchona, Jamaica,

September 2-10, 1906, in the Herbarium of the New York Botan-

ical Garden. Three other sheets in the same herbarium agree

with it perfectly and are referred to the same species : Marble 188,

from Cinchona, E. G. Britton 3856, from the Blue Mountains,

and Britton 4055, from the Parish of St. Thomas. The latter

was collected in March ; the achenes are all discharged and the dry

and brown involucre is widely open.

Vernonia reducta sp. nov.

Shrubby, freely branched above, height not stated; stem
striate, glabrate below, becoming puberulent in the inflorescence;

leaves spreading, firm, bright green above, paler beneath, narrowly

elliptical-oblong or somewhat oblanceolate, broadest at or near the

middle, the principal ones 4-4.5 cm. long by 1.2-1.6 cm. wide,

sharply acute or subacuminate, entire or finely denticulate,

gradually narrowed at the base, minutely puberulent on both

sides and finely glandular-punctate beneath; petioles 2-5 mm.
long; cymes numerous, terminating the stem and the upper

branches, and forming a large loose pyramidal panicle; rameal

and bracteal leaves resembling the cauline, but becoming narrower

and smaller toward the ends of the branches, and finally barely

exceeding the heads; heads crowded in clusters of 2-7, sessile

or nearly so, not at all secund, 5-flowered; involucre narrowly

campanulate or subcylindric, 5-6 mm. high, its scales puberulent

on the back and regularly imbricated in several ranks, outer scales

triangular, acute, and somewhat arachnoid-ciliate, the inner be-

coming oblong-linear, puberulent or glabrate, narrowed to an

obtuse apex; achenes about 2 mm. long, hirsute; pappus rufescent,

the outer series 0.5 mm., the inner 4-5 mm. long.

Type, Britton 203, from Sir John Peak, Jamaica, September
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2-10, 1906, in the Herbarium of the New York Botanical Garden.

Two other sheets in the same herbarium are Britton 151, from New
Haven Gap, and Shreve, from Sir John Peak.

The seven species of the group may be distinguished by the

following key

:

Species-group Fruticosae

When a sheet of Santo Domingan material came to hand,
identified by Dr. Urban as authentic V. fruticosa Sw., it was at

once seen that the species was entirely distinct from V. rigida

and from the whole group to which V. rigida belongs. It was also

seen that its nearest congeners were to be found among some un-
described species from eastern Cuba, with which it is accordingly
grouped. As in several other species-groups, the chief similarity

between the species included is in the general habit. The most
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striking common feature here is the broad, rugose or buHate leaf

with reticulate venation, closely invested beneath by a dense

tomentum. In the Jamaican species-group Permolles, with simi-

larly bullate or rugose leaves, the pubescence is densely sericeous-

hirsute rather than closely tomentose, and in V. yunquensis the

character of the involucral scales separates the species at once.

The seven species may be distinguished as follows

:

ner involucral scales sharply acute or acuminate.

. Leaves oval to elliptic-oblong, obtuse or narrowed

at the base, rugose and finely papillose-

the truncate or subcordat

Leaves acute or barely obtus<

Vernonia fruticosa (L.) Sw. Fl. Ind. Occ. 3: 1323. 1806.

Stem very slender, freely and loosely branched, glabrous <

puberulent in the inflorescence; leaves firm, ovate-oblong, 1-2 cr
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long by half as wide, obtuse or rounded at the tip, irregularly

crenulate or subentire, rounded or subcordate at base, dark green

and thinly but softly pubescent above, densely gray-tomentose

beneath; petioles 1-2 mm. long; upper and terminal branches

floriferous and strongly flexuous; bracteal leaves resembling the

cauline in shape and size; heads single, sessile, 21-flowered;

involucre broadly turbinate or campanulate, 5 mm. high, its scales

all erect or somewhat spreading, very loosely imbricated, puberu-

lent or glabrous, the outer subulate, the inner narrowly lanceolate

and long-acuminate with a subulate tip; achenes hirsute; pappus

nearly white, 4 mm. long.

For the identification of this obscure species of Swartz we are

indebted to Dr. Urban. The description above is based on a

single sheet, Fuertes 6$$, from the Province of Barahona, Santo

Domingo, at 350 m. altitude.

Vernonia desiliens sp. nov.

Herbaceous, sparingly branched, 3-5 dm. tall; stem rather

prominently striate, glabrous below, becoming puberulent in and
near the inflorescence; leaves firm and coriaceous, ovate-lanceolate

to narrowly elliptical, the largest on the type sheet 8-8.5 cm. long

and 2.3-2.9 cm. wide, obtuse, entire or obscurely and shallowly

crenulate, obtuse or rounded at the base, with petioles 1-3 mm.
long, rugose, glabrous and shining above; veins elevated beneath
and prominently reticulated, the principal lateral ones strongly

ascending and almost parallel to the leaf-margin; the interstices

of the reticulations closely gray-tomentose ; cymes apparently one
or two, terminal and from the upper axils, spreading, 1-2 dm. long,

very flexuous; bracteal leaves resembling the cauline but narrower
in shape and gradually reduced in size, oblong or narrowly ellip-

tical, 3-5 cm. long, 5-12 mm. wide, spreading, those at the ex-

tremity of the cyme oblong-linear, 2 cm. long; heads sessile, single

in the axils, 1-2 cm. apart, 21-flowered; corollas purplish; in-

volucre turbinate, thinly pubescent, 9-10 mm. high; the lower
outer scales short, minute, triangular, acute and apiculate, and
closely imbricated; the inner scales much longer, linear-oblong,

obtuse; achenes strigose-pubescent
; pappus light brown, the inner

series 6 mm. long, minutely barbellate, the outer series 0.5 mm.
long, somewhat paler.

Type, Shafer32j2, growing among rocks near water, Arroyo del

Medio, Oriente, Cuba, at 450-550 m. altitude, January 20, 1910,

deposited in the Herbarium of the New York Botanical Garden-
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Vernonia calophylla sp. nov.

A straggling shrub, i m. high or less; stem slender, striate,

freely and loosely branched, cinereous-puberulent below, becoming
tomentose in the branches; leaves firm and rigid, ovate to sub-
rotund, the principal ones 20-25 mm. long by 13-18 mm. wide,

rounded or obtuse at the apex, entire, somewhat revolute, rounded
or subcordate at base, dark green, rugose, and papillose-pubescent

above, closely invested beneath with silver-gray tomentum; veins

conspicuous, the lateral ones ascending and the veinlets promi-

nently reticulated; petioles 1-2 mm. long; heads in the axils of

the upper leaves, forming cymes 10-16 cm. long, sessile, 18-21-

flowered; bracteal leaves resembling the cauline, but smaller,

1-1.5 cm. long and more densely pubescent above; corollas white;

involucre campanulate, 5 mm. high; scales somewhat arachnoid-

puberulent, especially near their tips, the outer ones narrowly

triangular, subulate, the inner linear-oblong, acute; achenes

pubescent, 2 mm. long; pappus nearly white, the outer series 0.8

mm., the inner 4 mm. long.

Type, Shafer 8102, from Camp La Gloria, south of Sierra Moa,

Oriente, Cuba, December 24-30, 1910, deposited in the Herbarium

of the New York Botanical Garden.

Vernonia vicina sp. nov.

An upright shrub, 3-6 dm. tall, sparingly branched; stem
finely striate, glabrate below, puberulent above, and in the

branches closely cinereous-tomentulose; leaves firm and rigid,

spreading, dark green above, elliptic to elliptic-oblong, the principal

ones 3-4.5 cm. long by 1-1.5 cm. wide, broadest at or near the

middle, narrowed to an obtuse or subacute tip and to an acute

base, entire, somewhat revolute, rugose above, papillose-pubescent

when young, becoming glabrate with age, closely invested beneath

with thin yellowish brown or cinereous tomentum, especially

between the veins; lateral veins ascending, but curved and ap-

proximate near the margin; veinlets prominently reticulated;

petioles curved, 1-2 mm. long, tomentose; upper leaves like the

lower, but smaller, eventually only 1 cm. long by 4 mm. wide,

bearing heads in the upper 4-5 axils; heads about 26-flowered;

flowers light blue, involucre campanulate, 5-6 mm. high, its

scales closely imbricated, glabrous or thinly puberulent, outer

scales subulate, somewhat spreading, inner scales lance-oblong,

sharply acute; achenes pubescent, 2 mm. long; outer pappus

white, 0.8 mm. long; inner series almost white, 4 mm. long.

Type, Shafer 8202, from Camp La Gloria, south of Sierra Moa,
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Oriente, Cuba, December 24-30, 1910, deposited in the Herbarium

of the New York Botanical Garden.

Vernonia neglecta nom. nov.

V..Wrightii Griseb. Cat. PI. Cuba 144. 1866. Not V. Wrightii

Sch.-Bip. 1863.

Vernonia gnaphaliifolia Gleason, Bull. N. Y. Bot. Gard. 4: 178.

1906. Not V. gnaphaliifolia Rich. 1850.

Apparently erect and suffruticose, sparingly branched, 6-15
dm. high; stem and branches slender, obscurely striate, finely

gray-tomentulose ; leaves firm, flat, spreading, narrowly ovate-
oblong to ovate-lanceolate, the largest on the type sheet 6-7 cm.
long by 2 cm. wide, acute, or subobtuse and minutely apiculate,
entire, rounded, truncate, or even subcordate at base, dark green
and bullate above, papillose-puberulent when young, becoming
glabrous and shining at maturity, softly gray-tomentose or almost
villous beneath, especially along the elevated, prominently reticu-
lated veins; petioles tomentose, 1-4 mm. long; cymes 2 or 3,
terminal, spreading, 1.5-2.5 dm. long, straight, leafy; lower
bracteal leaves ovate-lanceolate or lanceolate, about 3 cm. long
by 1.3 cm. wide; the upper reduced, becoming oblong and only
1.5 cm. long; heads sessile, secund, about 21 -flowered, separated
by internodes 1-2 cm. long; corollas purple; involucre broadly
campanulate, about 6 mm. high, its scales rather closely but
irregularly imbricated, thinly pubescent or glabrate, the outer
triangular and subulate, the inner ovate-lanceolate, sharply acute,
somewhat scarious on the margin; achenes pubescent, 1.5 mm.
long; outer pappus white, 0.9 mm. long, the inner series very pale
brown or almost white, 4 mm. long.

Type,gtighlijo& on banks of cliffs near Monte Verde, eastern
Cuba, deposited in the Gray Herbarium of Harvard University.
The specimen bears two labels, one dated "Dec. 27," the other
"Jan.-Jul. 1859." On the left-hand side of the same sheet is

another specimen of the same species, also numbered 1309, and
collected in eastern Cuba, Sept. 1859-Jan. i860. Another sheet
of the same species in the Gray Herbarium is Wright 2788.

Vernonia calida sp. nov.

Shrubby, freely branched, 5 dm. tall; stem obscurely striate,
thinly puberulent or finely cinereous-tomentulose in the inflores-
cence; leaves spreading, thick, rigid, ovate-oblong, the principal
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ones 3.5-5 cm. long and 1.5-2 cm. wide, obtuse or rounded at the

tip, crenate or repand, broadly rounded or subcordate at base,

strongly bullate, dark green, minutely papillose-pubescent when
young, soon becoming glabrate or scabrellate and shining above,

densely and softly brown-tomentose beneath; petioles 1-3 mm.
long; lateral veins prominent, strongly curved and soon confluent;

veinlets prominently reticulated; cymes few, simple or sparingly

branched, 6-12 cm. long, the rachis densely tomentose; bracteal

leaves resembling the cauline in shape, but smaller, crenulate or

entire, the upper 1-1.5 cm. long; heads rather crowded, single or

frequently two at each node, about 21 -flowered, separated by inter-

nodes 1-2 cm. long; corollas pink; involucre broadly campanulate,

7 mm. high; scales densely pubescent, closely imbricated, or

somewhat spreading at the tip, the outer subulate, the inner

narrowly triangular-lanceolate and acute; achenes pubescent, 1.5

mm. long; pappus yellowish brown, the outer series 0.7 mm., the

inner 5 mm. in length.

Type, Shafer 8408, in dry soil, Sabanilla to Yamuri Arriba,

Oriente, Cuba, January 30, February 1, 191 1, deposited in the

Herbarium of the New York Botanical Garden.

Vernonia semitalis sp. nov.

Shrubby, 6-9 dm. tall, freely branched above; stem striate,

leafy, thinly brown-tomentose, especially on the younger branches

;

leaves numerous and crowded, thick, rigid, somewhat revolute,

divaricately spreading, ovate or ovate-triangular, broadest near

the base, 1.5-2 cm. long by 1-1.3 cm. wide, obtuse or rounded at

the apex, entire, truncate or subcordate at base; upper surface

shining, glabrous or scabrellate, strongly bullate; lower surface

closely invested with a thin gray-green tomentum; veins elevated

beneath, the lateral ones ascending and confluent near the margin;

veinlets prominently reticulated; upper leaves resembling the

lower ones and scarcely reduced in size, bearing heads in their

axils and forming several crowded cymes 10-15 cm. long; heads

about 2 1 -flowered, secund, the lower separated by internodes 1

cm. long, the upper approximate; corollas white; involucre cam-

panulate, about 5-6 mm. high; outer scales triangular-subulate

and pubescent, the inner narrowly triangular, sharply acuminate,

glabrous or nearly so; achenes pubescent, 1.5 mm. long; pappus

nearly white, the outer series 0.7 mm., the inner 4 mm. long.

Type, Shafer 4176, from pine land, altitude 400 m., along the

trail from Rio Yamaniguey to Camp Toa, Oriente, Cuba, February

22-26, 1910, deposited in the Herbarium of the New York Botan-

ical Garden.
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Species-group Sagraeanae

This group is distinguished at once from other West Indian

species by the large glabrous achenes. The leaves also are usually

thick and firm or coriaceous, entire or with spinulose teeth. Most

of the species have been in the past poorly represented in American

herbaria, and some of them have been seldom collected since their

original discovery.

In the revision, Vernonia rigida Sw. and Vernonia fruticosa

(L.) Sw. were regarded as identical and referred to this group, to

which the name Rigidae was applied. Since that time, specimens

of V. fruticosa have again been collected, and the species is seen

to belong to a different group. The Jamaican V. rigida, also, is

described with pubescent achenes, a character which removes it

at once from this group.

In 1836 De Candolle described V. Sagraeana from Cuba, the

first known species of the group. This was followed in 1850 by

V. Valenzuelana of Richard. In 1863 Schultz examined the recent

Cuban collections of Wright, and added three species, leptoclada,

inaequiserrata and Wrightii, and a fourth, Sprengeliana, based on a

plant collected by Bertero in Santo Domingo. Grisebach added

a variety, inaequiserrata angustifolia, also collected by Wright in

Cuba. That left the group with seven species and one variety*

and, so far as known to the writer, no authentic collection of any
of these was made or at least recognized for forty years. Further

difficulty was added by the confusion of numbers of some of

Wright's collections, so that at least two different species have
masqueraded in herbaria under wrong names. One case of this

confusion was recognized in 1906 by Gleason, who remedied it by
the description of V. viminalis.

Since 1906, the collectors of the New York Botanical Garden,
in their diligent explorations of Cuba, have recollected four of these

old, imperfectly known species, and have added three entirely

new forms, which are here described.

The group as a whole is one of the most easily recognized of

all the WT

est Indian species. It is characterized especially by a

high involucre and by large, glabrous, obscurely ribbed achenes,

with a prominent basal callus, and the large, firm or rigid leaves.
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I. Species of Santo Domingo; leaves oblong, very tomen-

tose beneath, rugose and scabrous above, narrowly

subcordate base; inner involucral scales rounded and

II. Species of Cuba.

Vernonia Sprengeliana Sch.-Bip. The type specimen cited by

Schultz is Bertero 507 and the recent description by Gleason is
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based on a single sheet of Wright, Parry, £f Brummel 273. An

excellent collection of this rare species, Fuertes 1388, has been

recently distributed and agrees perfectly with the original descrip-

tion and with that of Gleason (Revision, 184).

Vernonia purpurata sp. nov.

Shrubby, 2-2.5 m - tall; stem stout, coarsely striate, thinly

tomentose below, becoming densely so in the inflorescence; leaves

crowded, heavy, rigid, coriaceous, divaricate, elliptic-oblong, ob-

tuse or subacute, entire or irregularly repand, obtuse or rounded

at base, strongly rugose above, but glabrous and shining except

for some thin pubescence along the midvein, minutely puberulent

along the veins beneath; veins elevated on the lower surface,

the lateral veins prominent, ascending, the veinlets small and
closely reticulated

;
petiole 2-4 mm. long, tomentose; inflorescence

small, irregular, composed of several short (2-6 cm.) leafy cymes,
bearing each 4-10 heads; rameal leaves resembling the cauline,

but two thirds as long; bracteal leaves narrowly oblong or oblong-
linear, 10-15 mm - long, not present below many of the heads;
heads sessile, secund along the cymes or aggregated at their tips,

8-flowered; corollas white; involucre narrowly cylindric, 6 mm.
high; scales closely imbricated, appressed, sharply acute, the

lower ovate-triangular, pubescent, the middle ones with an
ovate-triangular exposed portion, ciliate, glabrous on the back,
the inner entire, puberulent on the back, purple-brown at their

exposed tips; achenes glabrous, immature in the type specimen;
pappus pale yellow-brown, the outer series 1.3 mm., the inner 7
mm. long.

Type, Taylor 544, from Jiquarito Mountain, Sierra Maestro,

eastern Cuba, altitude 1,020 m., September 18, 1906, deposited

in the Herbarium of the New York Botanical Garden.

The lower leaves are lacking from the type plant. The crowded

upper leaves are remarkably uniform in size, 4-5 cm. long by
1 .5-1.9 mm. wide. On another branch is the base of a leaf

which measures 3 cm. wide, indicating that the lower leaves are

considerably larger than the upper. While the species certainly

belongs to this group, it is distinguished from all the others known
by its few-flowered heads.

Vernonia Valenzuelana Rich. A shrub 1.2 m. high, on dry

ferruginous soil, southeast of Paso Estancia, Oriente, Cuba,

Shafer 1705.
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Vemonia leptoclada Sch.-Bip. A specimen agreeing perfectly

with the original description has been recently collected by
Shafer, 8145, from Camp La Gloria, south of Sierra Moa, Oriente,

Cuba. It is described as a straggling shrub 3.5 m. tall, with white

flowers.

Vemonia Wrightii Sch.-Bip. Ex descr. A shrub, 1 m. high,

freely branched above ; stems pubescent ; leaves heavy and coria-

ceous, spreading or ascending, ovate-oblong to oblong, 3.5 cm. long

by 1.2 cm. wide, sharply acute or mucronate, revolute, entire or

with a few remote spinose teeth, rounded or even subcordate at the

base, very scabrous above but not pubescent, minutely puberulent

under the lens beneath
;
petioles 1-2 mm. long, pubescent ; cymes

long and spreading, with numerous heads; bracteal leaves like

the cauline, but gradually reduced to I cm. long; heads sessile,

secund, about 21-flowered; involucre about 7-8 mm. high, outer

erect or somewhat spreading, sharply acute or subulate; pappus

pale brown.

Shafer 7738, from a dry serpentine hill near El Yunque,

Oriente, and Shafer 3072, from pine lands at 500-650 m. altitude

near Woodfred, Oriente, are referred here. They agree in most

essential points with Schultz' description of V. Wrightii (Journ.

Bot. 1 : 234. 1 863) , but lack the glabrous leaves narrowed at both

ends and the sordid-purple pappus.

Schultz' species is based on Wright 1309. As is well known,

the Wright numbers are much confused, and frequently shelter

more than one species. The only available specimen of this

number belongs to an entirely different species.

Vemonia Sagraeana DC. A shrub 1.5 m. tall, growing on

banks at an altitude of 325 m., near El Cuero, Oriente, Britton &
Cowell 12794.

Vemonia aronifolia sp. nov.

Bushy, suffrutescent or shrubby, 12-15 dm. high; stem stout,

freely branched, striate, finely and thinly tomentose, the tomentum

increasing in density toward the tips of the branches and always

most abundant in the axils; leaves dark green, thin but firm,

obovate-oblong, about 8 cm. long by 4 cm. wide, abruptly acumi-

nate, remotely denticulate with subulate or spinulose teeth 0.5



324 Gleason : Studies on West Indian Vernonieae

mm. long, standing at right angles to the margin, obtuse or sub-
acute at base, minutely puberulent beneath, especially along the
veins, glabrous above; veins prominent, light green, the lateral

ones arcuate-ascending, branched and reticulated, especially
toward the margin, one of the smaller marginal veins prolonged
into each denticulation; cymes terminal and lateral, spreading,
unbranched, 15-20 cm. long, very leafy, bearing 6-10 heads;
bracteal leaves resembling the cauline in shape and texture, or
varying to broadly oblong-elliptic in shape; the lower approximat-
ing the cauline in size, the upper gradually reduced to half the
size, but always greatly exceeding the flowers; heads sessile,

single in the axils, about 34-47-Aowered ; corollas white ; involucre
hemispherical or broadly campanulate, 8-9 mm. high, in dried
specimens about 15 mm. broad; scales thinly puberulent, im-
bricated only at the base, straight or erect in bud, becoming
spreading or flexed in fruit, the outer lance-linear, subulate, the
inner linear-oblong, acuminate to a subulate tip; achenes smooth;
outer pappus white, 0.8 mm. long, inner series pale brown or
nearly white, 8 mm. long, minutely barbellate.

Type, Shafer 13514, collected from high rocks in limestone hills,

vicinity of Sumidero, Province of Pinar del Rio, Cuba, August 2, 4,

1912, deposited in the Herbarium of the New York Botanical
Garden. The collection is represented by two sheets, one includ-
ing apparently the top of the plant, and the other two detached
lateral branches.

Vernonia fallax sp. nov.

Shrubby, 1 m. high; stem erect, sparingly branched, finely
striate, closely gray-tomentose, especially above; leaves firm,
bright green above, elliptic-oblong, 5-7 cm. long by 2-2.5 cm.
wide, acute, mucronate, entire or very obscurely and remotely
spinulose-denticulate, narrowed to an acute base, thinly puberulent
above, especially on the veins, finely and closely gray-tomentose
beneath

;
veins elevated and prominent beneath, not conspicuously

reticulated; petioles 1-2 mm. long; inflorescence pyramidal, ter-
minal, of about 4-10 short, spreading or recurved cymes bearing
each 3-7 heads; heads secund, sessile, about 21 -flowered; involucre
broadly campanulate or subhemispherical, 6-7 mm. high, its
scales appressed, closely imbricated, pubescent, especially near
the tip, outer scales ovate-triangular, acute and cuspidate, the
inner subacute or rounded at the tip; outer pappus white, 0.7 mm.
long, the inner pappus very pale brown, 6 mm. long; achenes
glabrous.
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Type, Button & Wilson 5478, from a hillside, altitude 500 m.,

in the Trinidad Mountains, Province of Santa Clara, Cuba, March
12, 1910, deposited in the Herbarium of the New York Botanical

The bracteal leaves have all fallen off the type specimen, except

a few fragments, and the leaves are crowded on short lateral

branches. The inflorescence is thus left at the end of a naked

peduncle 2-3 dm. long, giving the specimen an aspect entirely

unlike other species of the group. It is scarcely to be expected

that the same peculiarity will be maintained in other collections

of the species.

Vernonia aceratoides sp. nov.

Vernonia inaequiserrata angustifolia Griseb. Cat. PI. Cuba 144.

1866.

Slender and probably herbaceous; stem finely striate, closely

gray-tomentulose ; leaves firm, spreading or ascending, narrowly

oblong-lanceolate or lance-linear, the principal ones 7-8 cm. long

and 1-1.2 cm. wide, acute and mucronulate at the tip, entire or

somewhat repand; obtuse or rounded at the base, minutely

scabrellate above and puberulent along the midvein, finely brown-

tomentulose beneath; veins prominent beneath and conspicu-

ously reticulated; petioles 2-3 mm. long; inflorescence terminal,

of about 3 short divaricately spreading cymes, bearing each six

or seven secund heads; bracteal leaves oblong, the upper ones not

exceeding the heads, and all proportionately broader than the

cauline; involucre narrowly campanulate, 5-6 mm. high; scales

closely and regularly imbricated, appressed, the outer ovate-

triangular, cuspidate, the inner with an ovate exposed portion,

rounded and apiculate at the tip.

Grisebach's variety was based on a specimen of Wright 2784;

the preceding more detailed description is based on a sheet of the

same number in the Herbarium of the Missouri Botanical Garden.

Species-group Longifoliae

The herbarium of Dr. Otto Kuntze contained a good specimen

of a Vernonia from St. Thomas, collected by Kuntze himself in

1874, and labeled Vernonia Thomae Benth. It can not be dis-

tinguished, however, in any essential character from Vernonia

albicaulis Pers., and the two species may henceforth be considered

identical. This disposition of V. Thomae was suggested before

by Gleason (Revision, 191), although at that time the two were
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kept separate since good material for examination was lacking.

The island of St. Thomas is accordingly added to the known

distribution of V. albicaulis. It has been collected in St. Thomas

by others also, and is represented in the herbarium of the Field

Museum by two sheets, Millspaugh 522 and Eggers 34.

Vernonia longifolia Pers. To the distribution of this species

may be added St. Martin, Boldingh 2641, and Montserrat, Shafer

172, 589, 659, 661.

Lepidaploa, Scorpioideae reductae

Vernonia arctata Gleason. The species was originally described

(Bull. Torrey Club 33: 185. 1906) from New Providence Island,

of the Bahama group, but is now known to occur also throughout

Andros Island, Small & Carter 8506, 8613, 8759, 8890, Brace 5176,

6754, 6926, 7138. Field data show that the flowers vary from

purplish white to bright rose-purple and that the plant reaches a

height of 2 meters.

Vernonia bahamensis Griseb. Reported by Gleason (Bull.

Torrey Club 33: 187. 1906) from Fortune Island and Inagua,

it is now represented also by specimens from Crooked Island,

Brace 4851; Acklin's Island, Brace 4330; Salt Cay, Millspaugh &
Millspaugh 9249; Long Cay, Brace 4152, 4020, 4115; Mariguana,

Wilson 7461; Castle Island, Wilson 7783; Cotton Cay, Mills-

paugh & Millspaugh 9362; North Caicos, Wilson 7721, Millspaugh

& Millspaugh 9175; East Caicos, Millspaugh & Millspaugh 9082;

and South Caicos, Wilson 7688. The last specimen cited has

leaves subacuminate or merely acute at the base, 5 cm. long by 2.5

cm. wide, and in general closely approximates V. albicaulis Pers.

The Scorpioideae reductae have been considered (Gleason, Revi-

sion, 165, 166) as related by origin to the species-group Longifoliae,

to which V. albicaulis belongs, and the theory is strengthened by
the strong superficial resemblance just mentioned. It is interest-

ing to note that V. bahamensis occupies the southeastern portion

of the Bahama archipelago, nearest the area of the Longifoliae,

and that the particular specimen comes from South Caicos, which

is almost the extreme southeastern island of the group.

Vernonia complicates Griseb. In the type collection, Wright

2790, the leaves are all entire, subrotund, and about 5 mm. long.
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An excellent specimen, Britton 2225, recently received at the

New York Botanical Garden from Guantanamo Bay, in extreme
eastern Cuba, has leaves of the same character on the old shoots,

while on the young branches they are flat or undulate and 10-15
mm. long. The Guantanamo plant is described as a shrub 1 m.
tall with purple flowers.

Lepidaploa, Scorpioideae aggregatae

Vernonia Thotnae Benth., included here by Gleason (Revision,

191), is now regarded as identical with Vernonia albicaulis Pers.

Urban (Symb. Antill. 7: 421. 1912) has recently added a species,

so that the number in the group remains four. They may be

distinguished as follows:

of the inner series; leaves 2-3 cm. long.

B. Achenes glabrous and glandular; outer pappus

guished in width from those of the inner

with prominent veins beneath. Vernonia yunquensis Gleason.

The first three species are all very similar in habit and structure

,

and are all natives of Hispaniola. There is no doubt that they

are closely related. The character of the pappus and the larger

leaves indicate that V. buxifolia is the primitive form. The dis-

tribution (Cuba) and the general habit of V. yunquensis, especially

of the leaves, as expressed in pubescence and venation, separate

it sharply from the first three species, and imply that it may

logically constitute another species-group.

Vernonia segregate sp. nov.

A straggling or vinelike shrub, reaching a height of 2.5 m.;

stem obscurely striate, closely pubescent; the branches olive-
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brown and finely tomentulose ; leaves numerous, crowded, firm,

dark green, oblong to elliptic-obovate, broadest at or above the

middle, the principal ones 2.5-4 cm - lonS and I_I -5 crn- wide,

obtuse or subacute, entire, obtuse or rounded at the base, scabrel-

late and resinous-punctate above, glabrous beneath and densely

punctate with resinous globules and impressed black glands;

midvein puberulent, the lateral veins inconspicuous; petioles 1-2

mm. long; inflorescence terminal, irregular in shape, consisting

of several short, simple or sparingly branched cymes 2-4 cm. long,

naked below, and bearing 2-8 crowded heads in a terminal sub-

capitate cluster, or at the base of the branches; bracteal leaves

1-3 subtending each cluster of heads, resembling the cauline in

shape, 5-15 mm. long; heads about 8-flowered; corollas white;

involucre campanulate, 3-4 mm. high, its scales loosely and ir-

regularly imbricated, appressed at the base, but spreading at the

tip, stiff and firm in texture, the outer narrowly triangular-lanceo-

late, long-acuminate, the inner narrowly oblong-linear, tapering

gradually to the acuminate puberulent apex; achenes thinly

pubescent, 2 mm. long; pappus nearly white, the outer series I

Type, Shafer 4050, from rocky river banks in the vicinity of

Camp San Benito, Oriente, Cuba, altitude 900 m., February 24,

1910, deposited in the Herbarium of the New York Botanical

Garden. Other sheets in the same herbarium, all collected in the

mountains of Oriente, are Shafer 8051, stated to be vinelike and 8

feet high; Shafer 8216, 1.5-2 feet high; and Shafer 4446, described

by the collector as an herb three feet high with purple flowers.

Notwithstanding field differences in the color of flowers or texture

of stem, all four numbers clearly belong to the same species.

The relationship of V. segregate is puzzling. The subcapitate

clusters clearly represent a modification of a scorpioid type, and

most closely resemble the inflorescence of the Scorpioideae aggre-

gatae. The involucre is quite different, however, from that of

typical members of the group. For the present, it has been con-

sidered advisable not to assign the species to any group.

Species-group Havanenses

In recent work on Vernonia, V. havanensis and V. Ottonis have

been considered identical (Revision, 192). The large series of

specimens now available for study permits the ready separation

of two species, with characters so typical that to each can be
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assigned the proper specific name without difficulty. In addition,

a new species has been collected by Shafer and is described below.

With the exception of V. pallescens, whose position in this

group is somewhat uncertain, the group is distinguished by similari-

ties in habit. The leaves are of a comparatively broad type,

widest near or usually above the middle, and with the serration

most prominent on the distal half. The involucre scales are

regularly pubescent in two areas on the back, one on each side of

the mid-nerve.

The four species may be distinguished as follows:

A. Inflorescence strictly scorpioid; the cymes many-headed
and elongated ; heads all sessile. Vernonia pallescens.

B. Inflorescence freely branched and subpaniculate, some of

Vernonia pallescens Gleason. The species certainly differs

phylogenetically from the rest of the group, as shown by its

inflorescence and its geographical distribution. It is included in

the group merely for lack of a better place to put it.

Vernonia havanensis DC. Prodr. 5: 37- 1836.

Vernonia stictophylla Wright, Sauv. Anal. Acad. Ci. Habana 6:

176. 1869.

The specimens at hand fall into two groups, the first with leaves

long-attenuate at base, almost sessile, and thin in texture; the

second with leaves cuneate into a distinct petiole and firm in

texture. No other characters for their separation have been
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found. The first group includes the type collection for Wright's

species. Both series have been collected, so far as data are

given, in the province of Pinar del Rio.

VERNONIA Ottonis Sch.-Bip. Linnaea 20: 508. 1847.

Vernonia hieracioides Griseb. Mem. Am. Acad. 8: 511. i860.

Vernonia cubensis Griseb. Cat. PI. Cuba 144. 1866.

Except one collection from Santa Clara {Leon 1315) and one

from the Isle of Pines (Curtiss), all the sheets examined are from

Pinar del Rio. They show considerable variation in the pubes-

cence, serration, and texture of the leaves, but can not be further

separated. The specimens include cotypes of both Grisebach's

species, and agree perfectly with Schultz' description.

Vernonia orientis sp. nov.

Shrubby, as much as 6 m. in height, apparently not extensively

branched; stem coarsely striate, glabrate below, becoming cinere-

ous-puberulent in the inflorescence; leaves rigid, dark green,

spreading, oblanceolate, the principal ones 9-1 1 cm. long by 2.5-3.5

cm. wide, abruptly short-acuminate or sharply acute, remotely
dentate with sharp salient teeth, chiefly above the middle, attenuate

from below the middle to a cuneate base, very scabrous above,

minutely puberulent and scabrellate beneath; veins elevated

below, only the midvein and its lateral branches prominent;
petioles 5-10 mm. long; inflorescence terminal, broadly pyramidal
or subhemispheric; cymes freely branching, ultimately bearing
2-6 heads aggregated or subcapitate near the tips; bracts subulate,

3-5 mm. long; heads 5-flowered; involucre 3-4 mm. high, cam-
panulate; scales ovate to ovate-oblong, sharply acute or sub-

acuminate, essentially glabrous but glandular on the back ; achenes
sparingly pubescent; outer pappus minute, the inner pale yellow-

ish brown, 4 mm. long.

Type, Shafer 350Q, from Sierra Nipe, near Woodfred, Oriente,

Cuba, altitude 450-550 m., January 10, 1910, deposited in the

Herbarium of the New York Botanical Garden.

The two collections, both from Oriente, are the only examples

of the group from this part of the island. It is distinguished from

the other members of the group at a glance by its inflorescence,

and also by the involucral scales and the number of flowers.
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Lepidaploa, Paniculatae dichotomae

Vernonia menthaefolia (Popp.) Less. Linnaea 4 : 268. 1829.

Eupatorium menthaefolium Popp. in Spreng. Syst. 3: 412. 1826.

Vernonia Grisebachii Sch.-Bip. Jour. Bot. 1 : 231. 1863.

The original description of this species by Poppig is too brief

to be of any value at the present time. But his specimens were

preserved, and examined later by both Schultz and Lessing. Les-

sing gives a detailed description, based on these types, stating that

the heads are many-flowered and 3 lines high. Schultz' descrip-

tion, referring without doubt to the same specimens, or to dupli-

cates of them, indicates that the heads are 11-flowered and the

involucre hardly 1 line high. He then described V. Grisebachii,

as cited above, to include the forms with large heads, based on

Wright 1305. Examination of an ample series of specimens at the

present time reveals but one species, agreeing with Lessing's and

Schultz' descriptions, but never with the small heads ascribed by
the latter to V. menthaefolia. In the series examined are two of

Wright's collections, 282 and 2792, and Shafer 8811, which was

found by Dr. Britton to agree with the specimen of Wright 1305

in the Kew herbarium. Throughout the series the heads have

11 to 18 flowers, and the involucres are 4-5 mm. high. The
leaves show considerable variation, from narrowly oblong-lanceo-

late, acuminate at both ends, to ovate, rounded at the base and

acute at the apex. These characters are not sufficiently definite

or constant to permit the recognition of two species.

V. menthaefolia is the most abundant species of the genus in

Cuba, judged from the frequency of its collection, and occurs

throughout the island.

Among recent accession to the Herbarium of the New York

Botanical Garden is an Eremosis from the state of Durango, which

differs distinctly from all the fifteen described species of the genus.

Eremosis ovata sp. nov.

Shrubby; height and habit not stated; stem obscurely striate,

closely cinereous-pubescent, becoming tomentulose in the inflores-

cence; leaves thick, firm, ovate to ovate-elliptic, 7-10 cm. long,

4-5 cm. wide, obtuse or subacute, entire, obtuse at base, dull

green, minutely and softly tomentulose above, densely <
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tomentose beneath ; veins elevated below, the lateral ones promi-

nent and ascending, the veinlets inconspicuous; petiole 8-13 mm.
long; inflorescence broadly pyramidal or hemispheric, about 2

dm. wide; rameal leaves elliptic, about 2-6 cm. long, otherwise

like the cauline; heads 4-flowered, in clusters of 3-8, on pedicels

2-5 mm. long; involucre narrowly campanulate, straw-colored

or pale brown, 5-6 mm. high, outer scales short, broadly ovate,

obtuse to subacute and apiculate, irregularly arachnoid or tomen-
tulose, inner scales deciduous, oblong or ovate-oblong, acute,

glabrous, or with minute patches of thin tomentum near the tip;

achenes pale brown, 3 mm. long, prominently ribbed, thinly hirsute

with ascending hairs; pappus white, 8 mm. long, the outer series

much shorter.

Type, Palmer 139, from San Ramon, Durango, Mexico, de-

posited in the Herbarium of the New York Botanical Garden.

In general habit and shape of leaf, Eremosis ovata most closely

resembles Eremosis Steetzii (Sch.-Bip.) Gleason, but is distin-

guished at once from this one-flowered species by its four-flowered

heads. Its nearest relatives are probably to be found among the

three-flowered species, such as Eremosis Palmeri (Rose) Gleason,

from which it differs in the broad ovate leaves and dense tomentum.

The presence regularly of four flowers in each head is a peculiar

feature, hitherto unknown in the genus. It is paralleled in a way,

however, by the occurrence of two flowers instead of one in the

heads of certain specimens of Eremosis tarchonanthifolia (DC.)

Gleason.

University of Michigan, Ann Arbor.



Some toxic and antitoxic effects in cultures of Spirogyra *

In view of difficulties commonly experienced in maintaining
algal cultures in the laboratory, it seemed desirable to make an
experimental study of some of these difficulties, as was suggested
to the writer by Professor Georg Klebs, and the present publication

deals with a portion of such a study. The experimentation was
carried out in the Botanisches Institut at Heidelberg in 1909 and
I9 r0, the facilities of these laboratories being made available

through the kindness of Professor Klebs. The experiments to be

considered below bear upon the preparation of a nutrient solution

suitable for algal growth under laboratory conditions, and under-

take a partial analysis of the relations of the aqueous medium to

the success or failure of algal cultures in glass.

The alga used for this study was Spirogyra longata (Vauch.)

Kg.,f brought from Algiers in the spring of 1906 and kept since

then (until the winter of 1909-10) in a north window of the

Botanisches Institut at Heidelberg, with only small additions of

tap water from time to time. At the time of beginning these

studies the culture was healthy and showed vigorous growth, and

the material seemed excellently suited for experimentation of the

sort in hand ; all the filaments had developed under closely similar

conditions and were obviously adjusted to the conditions existing

m the laboratory. In the experimentation it was thus possible

to alter the culture medium without greatly changing the other

environmental factors

—

e. g. t light, temperature—under which the

Pjantsjiad developed. The last consideration is an important

* Botanical Contribution from The Johns Hopkins University. No. 29.

t Determined from Einfachste Lebensformen des Tier- und Pflanzenreiches,

Eyferth. B.. 3 Aufl. 1900.
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one; results obtained with material brought from various other

conditions to the laboratory cannot be interpreted as caused by

changes in the nature of the culture solution alone, a point well

emphasized by some of the considerations to be brought out below.

The method here followed was to transfer a few (about 30 to

50) filaments from the stock culture to about ten cubic centimeters

of the medium to be tested, in a covered glass dish. These trans-

fers were made late in the afternoon, and the cultures were sub-

jected to microscopic examination, without removal from the

culture dishes, on the next morning and on succeeding days until

final results were obtained. The experiments lasted for periods

of from one to eighty-six days. The condition of each culture

was recorded in the following terms. Excellent means that, at

most, only a few cells showed injury; good, that considerably

more than half of the filaments seemed uninjured; poor, that more

than half were injured; dead, that practically every cell was dead.

The tables used in this paper have been constructed from the

daily records by stating in similar terms the general condition of

the cultures throughout the experiments.

Precautions were of course taken to have the dishes and instru-

ments as clean as possible. Any dish once used for a poisonous

solution was discarded at the end of that experiment, and dishes

were sometimes interchanged and furnished with fresh supplies

of the media to be tested. The different lots of special distilled

water did not enter into experiments until they had been found

to be harmless to the plant here used. In most cases about the

same amounts of media were used in the different experiments;

the quantity of solution as related to the number of cells in any

culture is to be considered as an important factor in all experiments

bearing upon the relation of the nature of the medium to the

behavior of organisms existing therein.

I. Nutrient solutions

The nutrient media used were all prepared according to the

formulae given by Kuster (10), being those of Sachs, Knop,

Molisch, and Crone.* These were afterward diluted to the

* These solutions contained salts in the following proportions:
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required concentration with either ordinary or nontoxic distilled

water. The reactions to litmus paper of the solutions thus pre-

pared were as follows: Sachs's, very slightly acid; Knop's, acid;

Molisch's, slightly acid; Crone's, neutral. The salts used were,

in every case, those of Merck.

The results obtained from the various cultures in these nutrient

solutions are given in table i, where each culture is denoted by a

letter indicating the condition of the culture during the period of

the experiment, the number of letters thus denoting, in each case,

the number of times that the experiment in question was per-

formed. The durations of the cultures are also given. The same

notation is used in tables ii, hi, and v.

Using nontoxic distilled water, prepared in a manner to be

described later, the best growth was shown with all the media in

concentrations containing from 0.05 to 0.1 per cent of total salts.

In these concentrations of the solutions of both Molisch and Crone,

Spirogyra was kept growing vigorously, in apparently perfect

condition, for a period of about two months, at the end of which

time the experimentation was discontinued. Crone's solution

seemed slightly more favorable to the organism than did that of

Molisch; Sachs' solution produced a fair growth; while Knop's

medium was distinctly unfavorable, probably because of the

marked acidity, free acid being injurious to many algae (10).

No doubt still other media might prove as favorable as those of

Molisch and Crone.

When ordinary distilled water was used in preparing the solu-

tions a good growth was never obtained, but the results in both

Molisch's and Crone's solutions seemed slightly better in con-

centrations of from 0.5 to 1 per cent than in weaker solutions.

This will be discussed later.

The addition of one per cent of agar to the nutrient solutions,

the Spirogyra filaments being laid on the surface of the coagulated

Sachs knop Molisch Crone

ig-KNO,, ig.Ca(NO,) Sl I g. (NH^HPO*. J g. KNO,,

0.5 g. NaCl, 0.25 g. KNO3, 0.5 g. KH*PCu. 0.5 g. MgSO<,

. MgSCu, . CaSO;,

0-5 g- MgSCU. 0.2s g. KH 5P04 . 0.5 g. CaS04. 0.25 g- Ca,(PO*)«.

0.5 g. CaHPCU 0.125 g- KCL, Trace FeSO*. 0.25 g. Fe,(PCU),.

Trace FeClj. Trace FeCh.
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medium in a covered Petri dish, produced slight improvement

in all the o.i per cent solutions from ordinary distilled water.

A good growth was obtained on similar agar plates prepared

from 0.5 per cent solutions (in ordinary distilled water) according

to the formula of Sachs, of Molisch, and of Crone.*

Since the solutions here employed were all prepared from water

and salts, it will be expedient to present the following considera-

tions under the two headings: (II) Water and (III) Salts.

II. Water

Many authors have found that tap water and distilled water

are toxic to organisms, an excellent review of the literature of

this subject being given by Livingston (12). Most workers have

attributed the toxic effects of ordinary distilled water to small

amounts of various metals—especially copper—taken by the water

from the still and from the supply pipes. Lyon (19) and Bullot

(6), however, found that water distilled in glass was markedly

toxic, thus indicating that part of the poisonous action may be

due to the presence of volatile substances. Lyon attributed this

effect to small quantities of ammonia in the water. Similarly

Livingston (12) showed that redistillation from glass to glass,

while improving the quality of his ordinary distilled water, did

not render it harmless. He obtained evidence indicating that

part of the toxic bodies present in ordinary distilled water thus

redistilled are volatile and reappear in the distillate, while part

are nonvolatile and remain in the undistilled residue. The same

writer prepared nontoxic water by shaking ordinary distilled

water with highly absorbent solids, especially with purified lamp

black, and then filtering out the solids. He concluded that the

solids had absorbed, or at least removed from solution, both the

volatile and the nonvolatile toxic substances.

In the present investigation both tap water and ordinary dis-

tilled water were found to be markedly toxic to Spirogyra, and

were subjected to various treatments in an effort to obtain some

evidence concerning the nature of the poisonous substances in-

volved. The tap water was drawn from the faucet of the laboratory
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supply, directly into the culture dishes. The distilled water used
was from the usual supply of the laboratory, obtained from a local

druggist. It had been distilled in a copper still and kept in glass.

All such water used in these experiments was from the same original

supply and may thus be considered as uniform. The results

obtained in the study of the physiological properties of various

waters are given in tables ii and in.

Tap water was usually fatal to the plant within a few days,

although its toxicity varied slightly at different times (II, I*).

This water, when distilled with glass boiler and glass condenser,

was as toxic as the untreated water (II, 2). The distillate was
then sampled at different times during the run, by placing culture

dishes at the outlet of the condenser and allowing them to receive

the water directly; the alga was introduced into these water

samples after they had cooled. Samples collected at the beginning

and end of the run were as toxic as the untreated water (II, 3, 3b).

About the middle of the run the distillate collected was found to

be decidedly less injurious than the untreated tap water (II, 3a).

Concentration of the tap water to one tenth its original volume by

boiling (II, 4) and also by allowing evaporation to proceed at a

temperature much below boiling, till only about a sixth of the

original volume remained (II, 5, 6), produced marked improve-

ment over the original untreated water, but concentration by

evaporation to one third of the original volume did not improve

its quality (II, 7). It will be noted, however, that the untreated

water of this particular test was more toxic than in the two former

experiments. In general, concentration seems to have improved

the quality of the water, probably by driving off some of the

volatile toxic substances, though it is of course not to be forgotten

in this connection that the nonvolatile constituents were much

more concentrated in the treated water than in the original.

The effect of high temperature without concentration was also

tested. Heating tap water in the autoclave for 15 minutes, at a

temperature of 144 C, destroyed all the toxic material, or else

rendered it nontoxic; in water thus treated Spirogyra filaments

remained in perfect condition for a month, while in untreated
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water drawn from the tap at the same time, nearly all the fila-

ments succumbed within a few hours (II, 8). Heating tap water

to a temperature of ioo° C. in a steam sterilizer for 45 minutes

produced no improvement; the filaments of Spirogyra died almost

as quickly in this as in untreated water (II, 9).

Treatment of the tap water of the Heidelberg supply by the

method of shaking with finely divided carbon, as employed with

such marked effect by Livingston in the preparation of culture

media from his ordinary distilled water, produced no improve-

ment. In this treatment Merck's "animal charcoal" was em-

ployed as absorbing solid, without preliminary treatment of any

sort. While it seems probable that there may be essential differ-

ences between the various forms of finely divided carbon now upon

the market, as to their efficiency in the water treatments here con-

sidered, no comparisons have been made in this regard. The form

here used was chosen merely because of its convenience.

Although, as has been pointed out, simple distillation of the

Heidelberg tap water from glass into glass failed to correct the

toxicity of the water, it was found that this same process of dis-

tillation rendered the water nontoxic to the Spirogyra here em-

ployed (II, 10) when animal charcoal was present in the retort during

the distillation. In this treatment the boiler was a flask of Jena

glass having a capacity of one liter; the condenser was of glass,

provided with a bend to prevent the entrance of spray from the

boiling liquid and thoroughly washed by use; and the receiver

was a flask of Jena glass. No cork or rubber or material other than

glass was used on the condenser. The usual charge was about 800

cc. of tap water with from five to ten grams of Merck's animal

charcoal. Boiling was not allowed to become very violent and the

process was stopped when the charge had been reduced to about

one eighth of its original volume. In water thus prepared Spiro-

gyra filaments remained in apparently healthy condition until the

appearance of injury from lack of nutrient salts.

This method of distillation from animal charcoal showed some

variation in the quality of the water produced (II, 10), but the

differences exhibited were not as great as those obtained with

different portions of water from the stock culture (III, 36). The

water distilled from charcoal was frequently tested throughout
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the experiments,—by determining its effect, when used alone,

upon Spirogyra filaments. Out of more than ten runs the distillate

from but a single one was found to be decidedly toxic to the alga.

The cause of this single failure was not investigated. The new
method was uniformly employed for the preparation of nontoxic

water throughout the course of these studies.

Several experiments were carried out to throw light upon the

question of the manner of operation by which distillation from

animal charcoal may produce such a marked effect upon the physio-

logical properties of the Heidelberg water. Not only the distillate

but also the undistilled and concentrated residue (after removal

of the charcoal by filtration through paper) showed marked

improvement as compared with the untreated tap water (II, II,

12). Furthermore, a high degree of toxicity was produced in the

practically nontoxic water, either of the filtered residue or of

distillate, by the addition of a portion of the used charcoal that

had been retained in the filter (II, lib, 12a, 12c).

From the above observations it appears clear that the animal

charcoal in the boiler of the still must have acted to remove toxic

substances from the water, although, as has been stated, such

action could not be detected at ordinary temperatures. It also

appears that charcoal which has been the agent in this removal of

injurious material becomes itself able to reproduce toxic properties

in nontoxic water to which it may be added. It may be therefore

considered as at least highly probable that the action of the finely

divided carbon of these distillation experiments was that of an

absorber rather than that of an oxidizing or other catalytic agent.

Of course it is open to question, whether the toxicity reproduced

in harmless water by used animal charcoal may be caused by the

same substances as was the original toxicity of the tap water before

treatment. The state of our knowledge of these matters precludes

their further analysis at this time.

One experiment was made to show the relative resistance to

the toxic influence in tap water of two portions of Spirogyra which

were originally from the same source but which had been subjected

for a time to different conditions. One sample was taken from

the stock jar and another from a vigorous culture which was origi-

nally from the stock culture and then had grown for the last 68
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days in o.i per cent Crone's solution. The two samples contained

approximately equal numbers of filaments. They were well rinsed

in nontoxic water and then placed together in untreated tap water

in a covered glass dish. Within a few hours the filaments from the

stock jar showed decided injury, and, at the end of six days,

when the experiment was discontinued, about one third of them

were dead (II, 13). The filaments transferred from Crone's solu-

tion showed no signs of injury during the period (II, 14). This

experiment emphasizes the facts, well recognized, but not always

considered by workers with cultures, that the internal conditions

of organisms are fully as important in determining their behavior

as are the conditions of the surroundings, and that the past history

of organisms (the sort of surroundings under which they have lived)

greatly influence their internal nature. Comparable results cannot

be expected, in such work as this, unless the living material used

has been kept under uniform conditions for a considerable time

previous to experimentation.

Turning to the results obtained with ordinary distilled water

(table hi), this was found to be extremely toxic, killing all the

filaments of Spirogyra, except in a single instance,* in from one

to nine days (III, 1). Redistilling this water in glass produced

a decided improvement in some cases, but none in others (III, 2-6).

Similarly, the samples of water obtained as above described, at the

beginning, middle and end of the distillation run, varied greatly

and inconsistently among themselves. The undistilled portion

left in the boiler after redistillation had been stopped was always

just as toxic as untreated water (III, 2a, 3c, $e, $e). Making from

the distillate or from the undistilled residue (III, 4, 5) a 0.5 per

cent concentration of Crone's solution produced no improvement,

so that this addition of nutrient salts failed to counteract the

toxicity of these two waters. The addition of animal charcoal

to the boiler during redistillation in glass usually produced no

improvement over the water redistilled without the solid (III, 7, 8).

Furthermore, the undistilled residue from such redistillation (after

removal of the carbon) showed no marked improvement. Boiling

with or without carbon (III, 2-10) is thus seen to have produced
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i of the toxic conditions of ordinary distilled water.

Heating in an autoclave for 15 minutes at 144 C. made ordinary

distilled water decidedly less injurious, but did not render it

entirely nontoxic (III, 11).

Dilution with an equal volume of physiologically pure water
(III, 12) or with water from a vigorous culture of Nitella (III, 13)

did not make the ordinary distilled water less toxic, but dilution

with an equal volume of a colloidal platinum solution (III, 14)

rendered this water less injurious.*

The addition to ordinary distilled water, at the time of adding

the alga, of filter paper (III, 15), cotton (III, 16), kaolin (III, 17),

quartz sand (III, 18), or small amounts of chalk (III, 19, 20),

produced no improvement; but the addition of abundant chalk

(III, 21), lime (III, 25), broken agar sticks (III, 27), or dry

sphagnum moss (III, 31) usually rendered the water nontoxic.

Spirogyra filaments died within a few hours in ordinary distilled

water to which a small amount of agar solution was added (III,

28), they lived nearly two months on the surface of a I per cent.

solution of agar made with this same water (III, 29), but died

within three days on the surface of a 2 per cent agar solution

(HI, 30). In ordinary distilled water shaken with chalk (III, 22),

wood charcoal (III, 23), or garden soil (III, 24) and decanted after

the subsidence of the solid, little or no improvement was observed

at first, but decided improvement was shown after a few days-

Addition to the water of sediment from a vigorous culture of

Nitella (III, 32) produced better growth than that occurring in

untreated water, while sediment from the stock culture of Spiro-

gyra (III, 33) produced no improvement.

It was found that the alga filaments themselves may exert a

profound influence upon the toxicity of the solution in which they

are immersed. A transfer of filaments was made, in the usual

manner, from the stock culture to a dish of ordinary distilled

water (III, 34). These filaments were dead within eighteen hours.

They were then removed from the culture and replaced by a new

transfer of filaments from the stock culture. These also died

within eighteen hours, and were replaced as before. T^ thir<*

* This colloidal platinum solution was kindly prepared by Dr. W. Fraenkel in
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transfer was killed in about two days, and the material which then

replaced it lived fifteen days, but was in apparently poor condition

at the end of that time and was replaced. The material of this

fifth transfer preserved an apparently healthy condition for forty-

four days, at which time the experiment was discontinued. The

toxic water had been rendered nontoxic simply by

alga filaments. A clearer example of the effects (

moving or counteracting the toxic substances of a solution would

be difficult to imagine. Similar results were obtained by Dandeno

(7) upon growing corn seedlings in toxic solutions of HC1 and

H,S04 -

Toxic water may be greatly improved for Spirogyra by previous

treatment with another alga. A mass of Ulothrix (with a few

Spirogyra filaments) was allowed to remain twenty-eight days in

ordinary distilled water (III, 35), while a control of a similar dish

with another sample of the same water, but without alga, stood

beside the first. At the end of this period the Ulothrix was re-

moved and Spirogyra from the stock culture was transferred to

each of the two dishes. In the water which had been previously

treated with Ulothrix the Spirogyra lived, albeit in rather poor

condition, for twenty-two days, while in the untreated water of

the control all filaments were killed within eighteen hours.

In connection with the above observations on the effectiveness

of alga filaments in correcting the toxicity of ordinary distilled

water, it should be noted that, in all these experiments, the amount
of Spirogyra added, in proportion to the amount of medium
employed, exerted a considerable influence upon the results. A
large amount of the alga was able to live in a small amount of a

decidedly toxic medium. In all such cases the filaments on the

outside of the mass were killed while those within remained in

good condition. Similar results have been obtained by Nageli

(20), Deherain and Demoussy (8), Bullot (6), Dandeno (7), and

Bokorny (3). In the same connection, water from the stock

culture of Spirogyra, tested by the method used in these experi-

ments, allowed a good growth (III, 36), but seemed less favorable

than the water from a vigorous culture of Nitella (III, 37).

Although some of the experiments which have been considered

were not repeated as many times as might be desirable, the different
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experiments appear to corroborate each other, and seem to throw
some light on the general nature of the toxic substances present in

these waters. It will be noticed that'the effectof distillation and of

high temperature was often different in the case of tap water and
in that of ordinary distilled water. Some of these differences

are summarized in table iv, where a plus sign indicates improve-

ment, a minus sign indicates no improvement. When both signs

occur, different tests were in disagreement.

The facts of table iv indicate that the toxic materials present

in the tap water and in the ordinary distilled water here studied

were, in part at least, different substances; whatever may have

been the nature of these substances those in the ordinary distilled

water were mainly very resistant to heat.

As to the general characteristics of the toxic substances in

the ordinary distilled water, there appears no reason for doubting

that they were probably, for the most part, metallic in their

nature, derived in some way from the distillation apparatus. This

is the conclusion reached by many authors who have studied the

toxicity of ordinary distilled waters since the time of Nageli, and

such supposition introduces no difficulty in the interpretation of

the experiments that are reported here; it might be expected that

metallic poisons, whether dissolved as salts or ions or existing

merely in suspension, would not be very sensitive to correction by

heat. The effect of redistillation might be to transfer a portion

of the poisons from retort to receiver, thus leaving the distillate

more or less toxic, and at the same time concentrating another

portion (nonvolatile with steam and not sensitive to the tempera-

tures employed) in the retort.

It has been shown by Livingston et al. (u), Livingston (12),

Wheeler and Breazeale (37), Schreiner and Reed (27, 28, 29),

Shorey (30, 31), and Lathrop (26), that certain organic substances

present in various soil extracts are toxic to wheat seedlings.

Since, as was pointed out by Livingston (12), tap water may be

considered as a natural soil extract, the possibility is suggested

that it may be toxic on account of poisons derived from the soil.

At the same time, it is of course probable that the toxicity of the

Heidelberg tap water here tested may have been due, to a greater

or less extent, to substances having their origin in the supply pipes.
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It may be supposed that somewhat complex poisons emanating

from the soil would be largely volatile (either as such or as their

decomposition products, e. g., ammonia), and would thus be

removed from the retort in the process of distillation. If such

volatile material were still toxic and were retained in the receiver,

the distillate would of course exhibit toxic properties. But the

logical possibilities are here very numerous and a more detailed

a priori consideration of this problem would be out of place without

much more thorough experimentation than is now available.

The toxicity of the waters here dealt with was probably due,

in every case, to more than one substance; different portions of

tap water varied in their injurious effects, different portions of

ordinary distilled water were differently affected by redistillation

in glass, and other lines of evidence might be deduced from the

present studies to indicate that both waters contained more than

one kind of injurious material.

It appears highly probable that the beneficial effect on the

ordinary distilled water of chalk, lime, agar, sphagnum moss, soil,

and finely divided carbon, was due to their adsorptive action, a

conclusion similar to that reached in the work of Nageli (20),

Breazeale (5), Livingstone/ al. (11), and Livingston (12). In some

cases all the poisonous substances seem to have been removed from

solution, for the treated water was entirely nontoxic. The non-

toxic water obtained by the distillation of tap water from animal

charcoal contained more dissolved electrolytic material than did

the toxic water prepared by simple distillation, as was shown by

conductivity measurements kindly made upon these waters by

Dr. W. Fraenkel, but the total salt content of the charcoal-treated

water was calculated to be less than 0.0 1 per cent, so that the

removal of toxicity seems not to be related to an increase in salt

content. Furthermore, similar decrease in the toxicity of the

water was brought about by substances which were chemically

very unlike the charcoal used in these distillations. The small

amount of chalk that failed to produce improvement when added

to ordinary distilled water was much in excess of the amount
dissolved, so that the marked beneficial effect of a larger amount

of chalk cannot be considered as due to the addition of calcium to

the water. The improvement produced by colloidal platinum and
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by agar jelly appears also to have been due to adsorptive action,

though a discussion of this matter will not be given place here.

It is interesting to remark that addition of sand, cotton, and filter

paper failed to produce any correction of the ordinary distilled

water of these experiments, although these substances have been
found by Nageli (20), Dandeno (7), True and Oglevee (36) and
Jensen (9), to be active in improving other toxic solutions. The
difference thus noted may be of course due either to a difference

in the toxic substances dealt with or to differences in the solids

used. Breazeale (5) obtained similar negative results upon adding

quartz flour, filter paper, paraffin, or sand to solutions of H2S04

which were toxic to corn seedlings. He suggested that the failure

of these substances to reduce the toxicity of the solutions was

due to the high concentration of H2S04 necessary to produce toxic

action, and the consequent relatively slight adsorption of the acid

by the solids. This explanation can not, however, apply to

the results described above, since in these experiments the amounts

of the toxic substances were extremely small.

In considering the behavior of Spirogyra in different nutrient

media (see p. 335), it has been observed that the optimum con-

centration of the solution appeared to be a function of the kind of

water used. With solutions that contained salts in the propor-

tions adopted by Molisch and Crone and were prepared with non-

toxic water, the optimum concentration for the growth of Spirogrya

was found to be from 0.05 to 0.1 per cent, while similar solutions

prepared with ordinary distilled water exhibited an optimum con-

centration ten times as great. It thus appears that the toxicity

of the ordinary distilled water was more or less overcome by the

larger amount of nutrient salts present and that, conversely, the

retarding effect of relatively high salt concentration was counter-

balanced by the presence of the toxic material of the water.

The influence of dissolved salts in overcoming the toxicity of

solutions has been noted by other authors,* but the whole question

here raised is not at present in a state to warrant an attempt at

detailed discussion. It is obviously related to the general problem

of physiological antagonism. Some points on salt antagonism

will be brought forward in the succeeding section.



346 Hoyt: Cultures of Spirogyra

The beneficial effect of the action of alga filaments, in rendering

originally toxic water less toxic to other filaments of the same or

another form (see p. 341-2), has been noted already. While the

evidence at hand suggests the probability that this effect may be

due to an absorptive (or adsorptive) action on the part of the

filaments,—Nageli (20), Deherain and Demoussy (8),—and that

it may be therefore directly comparable with similar effects pro-

duced by other solids with very large surface exposure, it must

be nevertheless remembered that such an effect may be also

partially or wholly due to chemical alterations of the originally

toxic substances, as if brought about by enzymatic or other

material emanating from the plant. No evidence is available

for a decision in this matter. The effects produced upon Spirogyra

in toxic water, by sediment from the stock culture of this plant (III*

33) or from a Nitella culture (III, 32), together with the compara-

tive growth of the alga in water from the two cultures just men-

tioned (III, 36, 37), may suggest a possible excretion from Spiro-

gyra of material more harmful to itself than to Nitella. It appears

that the question of toxic and antitoxic excretions may enter into

problems of algal growth just as it has come to play so important

a part in the physiology of the bacteria and fungi and, recently,

in that of the higher plants.

III. Salts

It has been frequently shown for both animals and plants that

the toxicity of many solutions of single salts may be counteracted

by the presence of other salts in the same solution, without regard

to the physiological effect of the latter salts when employed singly.

Loew (15, 16, 17, 18) would restrict this conception of the

antagonistic action of two ions to the single case of calcium and

magnesium. Benecke (1) showed that the toxicity of other salts

than those of magnesium is counteracted by calcium, but ascribed

the antagonistic action to calcium only. Osterhout (21, 22, 23,

24, 25) has, however, observed antagonism between fourteen

different pairs of ions, including potassium, sodium, ammonium,

calcium, magnesium, strontium, and barium. Loeb (13) reported

that the toxic effect of a pure NaCl solution, on the eggs of Fundu-

lus, was partly counteracted by each of a number of salts, including
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the bases: calcium, barium, magnesium, strontium, cobalt,

aluminium, lead, zinc, and chromium.
The experimentation about to be reported, upon the relation to

Spirogyra of the salt content of the medium, is merely qualitative,

the aim being to gain some knowledge of a number of possible

conditions in algal cultures rather than to investigate any of the

chemical questions here encountered. No attention has been
given to the chemical characteristics of the salts employed, the

solutions having been prepared on the percentage basis, and the

terminology of percentage will be retained in the discussions.

The experiments are partly repetitions of those of Benecke (i).

Aside from the effect of dissolved salts to counteract the toxicity

of salt solutions, these experiments also include a number of tests

bearing upon the influence of undissolved materials upon this

same sort of toxicity.

Throughout these experiments no water was used which had

not been shown to be nontoxic; it had all been distilled from

animal charcoal in glass, condensed in glass, and collected in glass.

Precautions were always taken to avoid possible contamination of

the dishes used, especially in the case of the cultures without

calcium. All salts used, except the CaC03 , were those of Merck.

The experiments are listed, with their results, in table v.

For the study of the influence of calcium in the medium a cal-

cium-free solution was prepared from equal portions by weight of

KN03 , K2HP04 , KC1, and MgS04 . This solution was tested in two

concentrations, 0.4 and 0.1 per cent (of total salt content by

weight), and both proved highly injurious to the Spirogyra here

employed (V, 1). The addition of calcium-free animal charcoal

produced no improvement in either case (V, 2), but common wood

charcoal, pulverized, which was shown by test to contain some

calcium, improved the weaker solution (V, 3). I" the weaker

solution a small amount of CaCl2 produced about as marked

improvement as did wood charcoal (V, 4), a trace of CaC03

allowed still better growth (V, 5), while an abundance of the last-

named, only slightly soluble salt kept the alga in excellent condi-

tion during the entire period of the experiment—35 days (V, 5).

These same experiments, performed with solutions prepared from

ordinary distilled water, gave the same results, except that the
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solutions thus made were all more toxic than those from nontoxic

A solution similar to the one without calcium, but with mag-

nesium also absent, was prepared with equal parts by weight of

KNOs , K2HP04 , and KC1. This was more toxic than the calcium-

free solution with magnesium present; both 0.4 and 0.1 per cent

concentrations were fatal to the plant within two days (V, 6).

Animal charcoal produced no improvement in the stronger solu-

tion (V, 7). The addition of calcium carbonate in considerable

excess of its solubility enabled the plant to grow for several days

(V, 8). A solution containing 0.1 per cent of the three potassium

salts and 0.1 per cent of CaCl2 was fatal within three days (V,

9), while the addition of 0.1 per cent of MgS04 to the 0.3 per

cent solution of potassium salts prolonged the life of the organism

for six days, but did not completely counteract the toxicity (V, 10).

The last is a repetition of the first experiment of this section, where

the organism lived 28 days (V, 1).

A simple solution of magnesium sulphate was fatal to the plant

in concentrations ranging from 0.4 to 0.01 per cent (V, 11).

Animal charcoal produced improvement only in the weakest of

these concentrations (V, 12). Wood charcoal (with some calcium

present) slightly improved both the 0.1 and the 0.4 per cent

solutions (V, 13). While the simple solution of MgS04 killed the

organism in two or three days, a 0.4 or 0.1 per cent solution of

MgS04 plus 0.1 per cent of CaCl 2 (V, 14), as well as 0.1 per cent

solution of MgS04 plus 0.1 per cent of KC1 (V, 15), allowed the

alga to live fourteen days. In these experiments the addition of

potassium was just as efficient in counteracting the toxicity of

magnesium as was the addition of calcium.

To determine whether the effect of CaC03 in counteracting the

toxicity of MgS04 is to be considered as due solely to the addition

of calcium to the solution or partially to other causes, the following

experiments were carried out. A saturated solution of CaC03 was

prepared and to this was added 0.4 per cent of MgS04 . At the

same time, to a 0.4 per cent solution of MgS04 was added an

excess of finely divided CaC03 . In the former solution, the alga

was markedly injured within nineteen hours, and was totally

dead at the end of fourteen days (V, 16) . In the solution contain-



Hoyt: Cultures of Spirogyra 349

ing solid CaC03 , however, the alga remained in good condition

for seven days and had many filaments apparently uninjured at

the end of fifteen days, when the experiment was discontinued

(V, 17). These and other lines of evidence obtained during the

progress of this work seem to indicate that the beneficial effect of

the powdered CaC03 was due in part to other causes than the

mere addition of calcium to the solution, probably to its adsorptive

action. This suggestion is further supported by the results of

Livingston et al. (11) Snyder and Cook (34), Breazeale (5), and

Schreiner and Reed (28).

The colloidal solution of platinum already referred to rendered

a'0.01 per cent solution of MgS04 decidedly less toxic (V, 18), but

the addition of 0.008 per cent PtCl4 to a 0.01 per cent MgS04

solution produced no observable improvement.

Although, as was noted above, the addition of 0.1 per cent

of KC1 rendered a 0.1 per cent solution of MgS04 less toxic, a

0.1 per cent solution of KC1 alone was decidedly more toxic than

this mixture (V, 20), and a 0.4 per cent solution of KC1 was fatal

within two days (V, 19) . This result is in agreement with the work

of Osterhout (22). The colloidal solution of platinum produced

improvement in a o.l per cent solution of KC1 (V, 21). Addition

of 0.1 per cent of CaCl2 to a 0.1 per cent solution of KC1 rendered

the latter slightly less toxic (V, 22), although a 0.2 per cent solu-

tion of CaCl2 was fatal within a few hours or days (V, 23).

Two experiments were made bearing upon the relative endur-

ance, in solutions of the above salts, of samples of Spirogyra

originally from the same source, but subjected for a time to dif-

ferent surroundings. One portion of an alga culture which had

been growing vigorously for sixty-six days in 0.1 per cent Crone's

solution was rinsed in nontoxic water and placed in a solution

containing 0.1 per cent of KC1 and 0.1 per cent of CaCl2 (V, 24)

and another portion of the same culture was likewise rinsed and

placed in a 0.2 per cent solution of CaCl 2 (V, 25). On the following

day were added to both of these cultures samples of Spirogyra

from the stock jar. In both cases the solution was injurious to

both samples of the alga, but decidedly less so to the filaments from

Crone's solution than to those from the stock culture (V, 22, 23).

This result again emphasizes the well-known fact, already men-
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tioned, that the internal conditions or the physiological state of

organisms used in experimentation of this sort must always be

taken into account.

In this portion of the work, no evidence was obtained for a

specific action of the calcium salts in antagonizing other salts.

The action of CaCl2 in antagonizing MgS04 and KC1 was no more

pronounced than was that of KC1 in counteracting the toxicity

of MgS04 and of CaCl2 , and that of MgS04 in counteracting the

toxicity of KC1 and of CaCl2 . These results seem strongly to

support the conception of Loeb (14) and Osterhout (22, 25) of

the importance of physiologically balanced solutions. MgS04 ,

CaCl2 , and KC1, when used separately, and a mixture of three

potassium salts were all extremely toxic in the present investiga-

tion, but when the salts of any two of these bases were brought

together (as in combinations of MgS04 and CaCl2 , MgS04 and

KCL, KC1 and CaCl2) the resulting solution was much less toxic.

A mixture of the three potassium salts here employed was as toxic

as KC1 alone and only when salts of all three metals were present

in favorable proportions was good growth obtained. Results

similar to these were reported by Bokorny (2). As it has been

shown by several workers that Spirogyra requires calcium, these

facts cannot be interpreted by supposing that this alga differs

from higher plants in being able to survive in the absence of this

The improvement produced in the weaker toxic salt solutions

by animal charcoal may be considered as probably due to the

adsorptive action of the finely divided carbon. The beneficial

effect of the addition of colloidal platinum to toxic solutions may
have been likewise due to its adsorption of the toxic salts.

The author is gratefully indebted to Prof. B. E. Livingston

for helpful suggestions in the preparation of this paper.

Summary

1. Cultures of Spirogyra longata (Vauch.) Kg. were kept under

laboratory conditions in a vigorous state during the entire period

of the experiments,—more than 60 days. Crone's solution was the

best of the nutrient solutions tested, and that of Molisch was

almost as satisfactory, but the solution of Sachs seemed slightly
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less favorable, while that of Knop was distinctly unfavorable,
probably because of its marked acidity.

2. Both the tap water and the ordinary distilled water of the
Heidelberg Institut were markedly toxic to this Spirogyra, even
after distillation (or redistillation) from glass to glass.

3- The toxicity of the tap water was partially removed by con-
centrating the water to a fraction of its original volume, and was
entirely removed by heating to 144 C. or by distillation in glass

from animal charcoal ; but the water was not greatly improved
by simple distillation or by heating to ioo° C. The toxicity of

ordinary distilled water was partly or wholly corrected by the

presence in the culture of chalk, lime, solid agar, dry sphagnum
moss, colloidal platinum, or of other adsorbents; it was partially

corrected by redistillation or by heating to 144 C. The presence

in the cultures of filter paper, cotton, sand, kaolin, or CaCl2 was
without effect, and redistillation in glass from animal charcoal

did not produce nontoxic water.

4. The results obtained seem to indicate that the toxic ma-
terials present in the tap water were mostly volatile (perhaps

organic substances derived from the soil), with a relatively small

amount of nonvolatile material probably emanating from the

supply pipes. The toxic substances in the ordinary distilled

water were mostly nonvolatile (probably derived from the sup-

ply pipes and from the still), with a small amount of volatile

matter carried from retort to receiver with the distillate.

5- When nontoxic water was used, the best growth was ob-

tained in nutrient solutions containing from 0.05 to 0.1 per cent

of total salts; but when ordinary distilled water was used, the

optimum concentration of similar nutrient solutions was ten times

as great.

6. With KN03 . K2HP04 , KC1, MgS04 , and CaCl2 (singly or in

various combinations), a mixture of the three potassium salts was

as toxic as KC1 alone; KC1, MgSO*, and CaCl2 were all extremely

toxic when used singly; but mixtures of any two of these three

were less toxic than the solution of a single one. Good growth was

obtained only when salts of all three metals were present in favor-

able proportions. The toxicity of MgS04 appeared to be as

completely counteracted by KC1 as by CaClj.
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7. Weak solutions of certain toxic salts were improved by
the addition of calcium-free animal charcoal or colloidal platinum.

It seems indicated that the effect of powdered CaC03 , in counter-

acting toxicity due to nutrient salts, was due in part to the adsorp-

tive action of the solid.

The Johns Hopkins University.
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TABLE I

Sachs, o.os ordinan

Pd,Pd
P
E. Eg, Gp

V

* The condition of the plants i

Won and the first number denoting duration both refer to tl
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TABLE II

Duration
Condition

culture Treatments of. and-.addit CUSS ' of plants*

, Untreated 54. 4. 1 P,D,D

3 Asl^'firsV^rtiorr
834081388 12. 24. 2 P, Pd, D

P,D
Gp,Gp

3b

Evaporated'to °ih'Jrig vol

P,D
Eg.P
G

5i
EvapTrafed^f/o^rig^vol.

P
Gp

6a
Evaporated to 1/3 orig. vol.

Pd

r
Untreated (control to 7)

37 g
Untreated (control to 8) Pd
45 mins. at ioo° C. 46 Pd

10 Distillate from animal charco al, glass to glass E, E, E. E,

Eg, Eg, Eg.

Eg, G. P
Boiled with animal charcoal t Eg
Distillate from 11

Do., charcoal from 11 added Gp
As 11. filtered

As 11, not filtered Gp
12b Asua

IT Untreated plants from stock jarf

J

6
Gp
G

14 As 13, but plants from Crone s sol.f 6 E
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TABLE III

Cultures of Spirogyra i

x,„ r

Dumion
Condition

ukurc T_
"gr ofpW

1 Untreated ~ 54,9.6.x G/\ Z>, D.
D

Distillate, glass to glass G
2,1 Boiled, concentrated, residue from _ , D
3 Distillate, glass to glass, to 1/8

orig. vol., first portion D
30 As 3. middle portion Eg
36 As 3. final portion G

Boiled, contentrated to 1/8 orig.

orig. vol., first portion

4d Distillate, glass to glass Salts to form 0.5

D

4/

Distillate, glass to glass, to 1/16

fcs-sa D

Pd
D

5<* As 5. middle portion
5b

Sc (Jons mixed
Distillate, glass to glass Salts to form 0.5

12

Boiled, concentrated, residue from
P

56

f
^Crone^sd

5
D

Distillate, glass to glass, first por-
Pd

8 As 7, to 1/8 orig. vol., first portion - 46
D.D
G,Pd
P.D

Boiled with animal charcoal, fil-

9 BiET2r
ntratedreslduefrom ~

I'"
P.P

10 Boiled with animal charcoal, not - 1 \d

39 G
12 Untreated

^to'dtuble^oT 2 e, 1 (> D, D

13 do.
^SSrfTS?

to

1 |J>
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TABLE III, continued.

14 do. Colloidal Pt

do. Filter

Kaolin
do.

do. ( '..alk

-;;
do.

v ' 7
22 Shak

3h^s
C decanted aftei

As 22, decanted a

Shaken with

As 23, decanted after 4 days
Shaken with

several day
Untreated

20 do. Cu( !: < > u. |

Water from 34ft, alga r

Water from 34c, alga r

Treated with Ulothrix,

i condition of the planl

lion and the first number denotin

l (duration in days) refer
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Distilled ii

Distilled with carb

Heated to 144 C.
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No of
s,„s.iut ,,„.,-,

Additions
Condition of

""
KNO, K,HI>.» 4 MSS0 4 KC1

plams*°

lt O.I 0.1 0.1 O.I - 13.28,8 G>, G/>, Pd

T oT
5

o'l

25 O.025

o!?

as
Ammal charcoal*

26.29 Gp.P

3 :f IT
0.025 0.025

Wood charcoalf fs
GP
Pd

3* 35
do. do. CaCls G

Eg
do. E

O.I33 D
o.u.33 D

D

I of
'do. z o.f'

CaCO,
CaCl 2 0.1 p.c. J

P
D

do. Pd
11 — — 0.4 — —

3, 2 D.D
D,D
Dnb z Z 0.05 z z f

2

Pd,D
D

do. D
1 2b do. D

do. P,P
Wood charcoal! P

I3« do.— — 0.4 — CaCh 0.1 p.c.

do.

IS P

IS _ z °'Jo. o.Tji 14 p
CaCO s to saturation

CaC0 3 , in excess

Colloid, sol. Pt 90 p.c Gp
18a Pt Cl 4 0.008 £.c.

Colloid, sol. Pt
CaCl* 0.1 p.c.

CaCh 0.2 p.c. D,'*D
G°

* The con. I ated as follows : E, excellent; G
D, dead. A combination of letters denotes a condition between tl

each of these letters—as, Eg indicates a condition between excellent
Where the experiment was repeated, each of the several notations g

to the experiments in the same order as do the letters, thus, the first

condition and the first number denoting duration both refer to the sa:

t Culture 23 days old showed no calcium with acetic acid and amn

If Containing some calcium.

|| Showed no calcium.

_ ° Spirogyra from culture in Crone's solution, 66 days old, was use

tock Spirogyra (23) and of materia* The second t
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The production of a promycelium by the aecidiospores of Caeoma

nitens Burrill

Otto Kunkel

Introduction

Except in the genus Endophyllum, so far as known, the aecidio-

spores of the rusts give rise to sporophytic mycelium. Its sporo-

phytic nature is shown by the fact that each cell contains two

nuclei that have been produced by successive conjugate divisions

of the two nuclei in the aecidiospore. The aecidiospores of some

of the species of Endophyllum, however, produce a promycelium.

Its cells are uninucleate and belong, therefore, to the gameto-

phytic generation. This fact has been well established through

the work of Tulasne (10), Sappin-Trouffy (8), Maire (5) and

others. Hoffmann has shown that nuclear fusion occurs in the

aecidiospores and that this fusion nucleus divides to form the

nuclei of the sporidia. This interesting form has received con-

siderable attention in recent years, because its life history offers

suggestions regarding evolution in the rusts.

While engaged in a study of the effects of media on the germina-

tion of various spores I was surprised to find that the aecidiospores

of Caeoma nitens taken from leaves of Rubus frondosus Bigel. on

germination produce a promycelium in much the same way as

do the aecidiospores of Endophyllum Sempervivi Lev. My first

suspicion that this might be due to the influence of the medium

upon which the spores had been placed proved groundless, for

further tests showed that they germinate in exactly the same

way when placed in distilled water or in tap water. The

production of a promycelium by these aecidiospores seems to

have escaped the observation of the numerous students of this

common and widely distributed rust.

Galloway (6) figured them germinating in water and

shows that the germ tube becomes more or less septate.

He did not, however, observe the production of sporidia

361
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and his drawings hardly suggest the promycelial nature of the

germ tube. Clinton (i) has also studied the germination of these

spores and gives more than twenty figures, showing them in various

stages of development, but he failed to find any trace of sporidia.

He mentions having observed the spores in water cultures during

two or three days and gives a detailed account of their germination.

He also observed the germination of the spores on the moist

surface of young blackberry leaves.

Olive (7) and Kurssanow (4) have investigated Caeoma nitens

from the cytological standpoint. They have shown that sexual

fusions occur in the base of the caeoma and that the aecidiospores

typically contain two nuclei.

Observations

The aecidiospores used in this study of their germination were

obtained from well infected leaves of Rubus frondosus . The leaves

were collected in three different parts of Van Cortlandt Park, New
York City. All of the spores germinated in the same fashion.

The cultures were made in Petri dishes containing distilled

water, tap water, and agar media of various kinds. The spores

were simply dusted over the surface of the medium and generally

gave a high per cent of germination. The cultures were kept at

room temperature (about 23 C).
The promycelium ordinarily consists of five cells (fig. 1, a),

four of which bear sporidia. Stained preparations show that the

stalk cell is without a nucleus and that the other four cells contain

one nucleus each (fig. i, b), thus demonstrating the promycelial

nature of the germ tube. Frequently the promycelium consists of

only four cells and in that case each cell is capable of producing a

sporidium (fig. 1, c). There are also instances where the promy-
celium consists of less than four cells, but in such cases two or

more sporidia are generally produced on the same cell. The
promycelium sometimes consists of more than five cells (fig. i,d).

Five or six sporidia are sometimes produced by the same promy-
celium, but this is a very rare case. In fig. i , e is shown a basidium
with sporidia in different stages of development; it also shows one

sporidium that has fallen off from its sterigma and has begun to

germinate.
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The sterigma arises as a pointed outgrowth from a promycelial

cell. It tapers evenly and is generally slightly curved rather than
straight. Its diameter at the base varies between three and five

microns, while at the tip its diameter measures from one and one
half to two and one half microns. It normally reaches a length

of from fifteen to twenty microns, but in some cases it becomes
much longer.

The sporidium, as is the rule in the rusts, is a typically kidney-

shaped spore, slightly narrower at its basal than at its distal end.

Maturing in a short time after the aecidiospore begins to germinate,

it soon falls off from its sterigma and, on a moist surface, germinates

in a few hours. Sometimes it produces a secondary sporidium,

but more often it may develop a corkscrew-shaped germ tube that

frequently reaches a length eight or ten times that of the sporidium.

Occasionally this germ tube shows branching. The diameter of

this germ tube is always much less than the diameter of the nor-

mal promycelium.
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Although there is considerable variation in the length and

shape of the promycelium when grown on various media, under

fairly similar conditions it is rather constant both in size and in

shape. Generally it reaches a length of three or four times the

diameter of the spore, but sometimes it becomes much longer than

this. The average diameter of the spore, based on a measurement

of twenty-five spores taken at random, is twenty-one microns.

The average length of the mature promycelium, based on the

same number of measurements, is seventy-eight microns.

Discussion

Tranzschel (9) and Clinton (2) both claim to have established

by infection experiments that Puccinia Peckiana Howe is the

teleutostage of Caeoma nitens. Tranzschel removed three healthy

blackberry plants from the park of the St. Petersburg Forestry

Institute. One of these plants he grew under a bell jar in the

laboratory of the Institute; the other two plants were placed in a

garden. The three plants were inoculated with spores of Caeoma

nitens. Later in the season all of the three plants became infected

with Puccinia Peckiana. Tranzschel had no control plants in his

experiment and he makes no mention of having observed the

plants in the park of the St. Petersburg Forestry Institute at the

time his plants showed infection with the Puccinia.

Clinton transplanted blackberry plants from the forest to his

greenhouse. He inoculated two of these with the aecidiospores of

Caeoma nitens taken from infected blackberry plants. In a

little less than two months both of these plants showed infection

with Puccinia Peckiana, while several other blackberry plants

that had been used as checks showed no infection. It is worth

noting that three raspberry plants which he inoculated with spores

of Caeoma nitens taken from infected raspberry plants, failed to

become infected. All plants used had been free from both the

Caeoma and the Puccinia during the previous summer.
It is hardly to be expected that the change from sporophyte to

gametophyte should occur in two different places in the life history

of the same rust, but further experiments are needed in order to

settle this point.

The production of a promycelium by the aecidiospores of
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Caeoma nitens suggests that it is a short-cycled rust in no way

connected with Puccinia Peckiana and in its life history quite

comparable to Endophyllum Sempervivi. The perennial mycelium

lives over winter in the tissues of the host. Cell fusions at the

base of the chains of aecidiospores produce sporophytic cells from

which the aecidiospores arise by conjugate division of the two cells

that fuse. This gives binucleated aecidiospores and intercalary

cells. The fact that the aecidiospores germinate in a promycelium

suggests that here, as in Endophyllum, nuclear fusion takes place
_

in the aecidiospore and we may expect that the sporidia produced

by the promycelium reinfect the host and produce a mycelium

with uninucleated cells, thus completing the life cycle.

If, on the other hand, Puccinia Peckiana is a stage in the life

history of this fungus, the problem is not so simple and no

similar case is known among the rusts.

As was pointed out in the introduction, the fact that sexual

fusions occur previous to the production of aecidiospores is well

established. The above described germination of these spores

makes clear another stage in the life history of this fungus, and

raises a number of interesting questions regarding its position

among the rusts. I shall test during the coming summer the

evidence regarding the connection supposed to exist between

Caeoma nitens and Puccinia Peckiana, and shall also undertake a

cytological study of both of these forms. The wide distribution

and economic importance of Caeoma nitens, its abundant production

of spores and the ease with which they may be germinated and

studied makes it a favorable object for class use. It is, therefore,

highly important that all stages in its life history should be

thoroughly understood.
Summary

i. The aecidiospores of Caeoma nitens on germination regu-

larly produce a promycelium.

2. This promycelium normally consists of five cells. The

stalk cell contains no nucleus, but the other four cells contain one

nucleus each.

3- Each uninucleated cell bears a sporidium on a stengma.

4. These sporidia germinate immediately by producmg either

a secondary sporidium or a germ tube.
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5. The production of a promycelium by these aecidiospores

suggests that Caeoma nitens is a short-cycled rust and casts doubt

on the connection supposed to exist between this fungus and

Puccinia Peckiana.

6. Caeoma nitens is the only rust of the caeoma type, having

aecidiospores that are known to produce a promycelium. The

other rusts having aecidiospores that are known to function as

teleutospores, belong to the one genus Endophyllum.

I am greatly indebted to Dr. R. A. Harper and Dr. W. G.

Marquette for advice and criticism while engaged in this work.

Columbia University, New York City.
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of bud-variation in Pelargonium

The precise nature of bud-variation is not satisfactorily known.

No adequate classification of the various kinds of bud-variation

has been made. Recent investigations regarding the nature of

plant chimeras indicate that some of the phenomena generally

considered as bud-variation are associated with chimeras and are

to be explained by the nature of the chimeras. Observations and

experiments are now being made at the New York Botanical

Garden on various types of bud-variation. In the studies on

Pelargonium one case has arisen which seems of special interest

in its bearing on the nature of bud-sports from plants that are

chimeras.

Baur (1909 a and b ; 191 1) has recently shown that the variega-

tion in the case of the "albomarginatae" varieties of Pelargonium

zonale is due to the presence of white and green cells which are

sharply distinct and which occupy a characteristic position in

relation to each other. It has been long known that the paler

tissue of these variegated plants owes its characteristics to a lack

of chlorophyl in its cells. Baur shows that the plastids are present

in the white cells but are colorless.

Baur further claims that this arrangement of green and white

cells in the leaf can be explained by the arrangemeni of the c

sponding tissues in the growing point and actually shows that in

the plants whose leaves have layers of white cells on the exterior

there is in the apex of the stem a cap of white cells over the greener

cells beneath. In such plants the relative position of the white

and the green cells is maintained throughout the development of

the leaves. -
,

By further study Baur (1909 »i i9"> f°"nd that ,n
?
th"^

these two kinds of cells may be variously arranged with reference

to each other. In some plants various stems and leaves show a

367
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sectoral arrangement with a more or less bilateral distribution of

the two kinds of cells. In certain types of Pelargonium the green

cells are outside as one or two layers covering the white cells. In

some individuals streaks of one of the tissues are mingled with the

other.

Baur is able to interpret the conditions in these various forms

by using the conception developed by Winkler (1907) in his re-

markable discoveries regarding the so-called chimera-nature of

graft hybrids. Baur introduced the term periclinal chimera for

the condition where the peripheral cell-layers are different from

the enclosed tissues and sectoral chimera for the cases where there

is more or less of a bilateral or radial distribution. The term

hyperchimera, first suggested by Strasburger (1909), is used for

the cases where there is a more or less intimate mixture of the

different kinds of cells.

On these various chimeras of Pelargonium, wholly green or

wholly white shoots may arise. This is due to the fact that the

two kinds of cells which are maintained by the cell divisions in the

meristematic regions become segregated in the growing points,

the process not being essentially different from that by which

peripheral, sectoral, or hyperchimeras arise.

The various types of these Pelargonium chimeras are familiar

to horticulturists and have been propagated rather widely by
cuttings, thus preserving quite uniformly the different forms. The
periclinal chimeras having white peripheral cell layers are com-
monly cultivated forms on account of the striking effect of the

white-margined leaves.

One of these varieties is known by the trade name of Madame
Salleroi. During the summer of 1912 a plant of this type which

was grown in an outdoor bed at the propagating houses of the

New York Botanical Garden produced a branch in which the

relative position of the two kinds of cells is reversed. When the

cutting was made during the early part of the summer it possessed

only leaves with the white margin. In October of that year,

when first brought to the attention of the writer, the plant, ap-

peared as shown in the photograph here reproduced (see plate 20).

Two branches, one the main and the other a lateral branch, bore

leaves with the white cell layers placed externally to the green as
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was the case in the plant from which the cutting was made. The
leaves were quite uniform in shape and in coloration and are quite

typical for the variety known as Madame Salleroi. Dr. L. H.
Bailey kindly made the varietal determination from leaves taken
from these branches and further states in a letter to the writer that

this variety has not been thus far placed specifically. As shown
in plate 20, the enclosed green cells fail to develop uniformly

toward the margin of the leaves, thereby leaving an irregular

marginal zone of pure white cells. In the central portion of these

leaves the enclosed green tissues show through the white.

On the third branch, which is a lateral one, the leaves are quite

different. They are larger and the surface is green to the extreme

margin. These leaves are not, however, of a uniform green, for

through the central portion of each there is an irregular palmate-

shaped area of lighter green which is due to white cell-layers

enclosed between the upper and the lower green layers. In other

words the place relationship of the white and the green cells is

here reversed from what it is in the main part of the plant. In this

branch the plant has literally turned itself inside out. Micro-

scopical examination of free-hand sections confirmed the super-

ficial observations as to the color relations.

In the black and white plate accompanying this article the

general pattern in the leaves is well shown by the different shades.

Since this plant has been under observation, about twenty leaves

have matured on this branch. As shown in plate 20 the amount

and distribution of the white tissue varies in the different leaves.

In some leaves there are small flecks of white scattered through

the green. A few of the leaves when about half developed show

traces of a dark zonal band which is a feature of various showy-

leaved Pelargoniums. When these leaves are mature, however,

this zonal band is faint.

Baur notes a case of bud-variation identical with this one.

He states (1909 a, p. 333), that the plant which he designated as

Pel. 9 had white-bordered leaves but produced in 1908 a branch

having wholly green leaves but which were plainly of a yellowish

green in the center. The anatomical studies of these leaves (1909

a
> P- 345) showed that the white cells were enclosed by the green

cells.
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In the light of Baur's anatomical studies this sort of bud-varia-

tion is readily understood as due to a mechanical readjustment of

the two kinds of cells already in the growing points. This par-

ticular type involves more extensive rearrangement than the

cases where pure green or pure white branches are produced by

the development of a bud containing only one kind of cells to the

exclusion of the other. For the development of a branch re-

versing the position of the two kinds of cells as described above

there must be a breaking out of the enclosed green cells in the

growing point and a growth of both green and white cells in such

a manner that the green cells surround the white cells. It may be

that in this case the green cells break forth at two separate points

not far distant and that in further growth they meet, enclosing

the white cells.

On the main portion of the plant here shown, the mature

leaves possess over their whole surfaces two peripheral cell-layers

that are white. To maintain this relationship the cell divisions

which give rise to these layers must occur only in planes which are

at right angles to the surface of the leaf. The outer layers do not

contribute to the vascular tissues and the inner green tissue does

not form epidermis, a fact clearly shown by Baur. In the sporting

branch, however, the green cells get to the surface and form the

epidermis as well as some of the mesophyl and vascular tissue,

while the white cells cease to form epidermis and now contribute

only to the inner tissues. The cells preserve the green and white

character of their chromatophores but take on different structures

or different functions according to position and environment.

In his interesting report of results of anatomical and hereditary

studies of variegated varieties of Pelargonium, Baur was not

especially concerned with the evidence of interaction between the

two kinds of cells, the white and the green, where both exist in

the same leaf. His photographs, however, show the same sort of

difference which have appeared so strikingly in the case here under

consideration.

The marked differences between the two kinds of leaves pro-

duced on this plant (plate 20) make it clear that the outer layers

largely determine the size of the leaves and the depth of the lobing.

When the green is outside the leaf is larger, more deeply lobed and
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like those which are borne on the branches that are composed
purely of green tissue. When the white is outside, the leaf is

much smaller and more like those leaves which are composed only
of white tissue. Several plants of Pelargonium Madame Salleroi

of the same clone as the plant producing this bud-variation have
been under observation in the propagating houses. Several of

these have produced leaves composed wholly of white cells. These
have been of practically the same shape and size as the variegated

leaves on the same plant. The pure white cells are, of course,

dependent upon the green cells for carbohydrate food. In the

case of a chimera relationship with the green cells enclosed, there

may be mechanical and chemical stimuli to the overlying white

cells that result in a slightly larger leaf. This effect is, however,

not marked.

All the potentialities of a large and deeply lobed leaf are present

in the green cells of a typical leaf of the Madame Salleroi variety.

When these green cells get to the exterior those potentialities find

expression, but as long as the peripheral layers of white are uni-

formly maintained, there is no visible evidence that these poten-

tialities exist. Their suppression may be due chiefly to mechanical

limitations imposed by the peripheral layers of white cells which

decrease the number of cell divisions.

In the various plant chimeras there is an association of more or

less independent and different kinds of cells. In the chimeras

resulting from grafting, the two kinds of cells may be decidedly

different, producing, when separate, two distinct types of leaves,

but when associated together, forming leaves of still different

patterns. The various chimeras produced by Winkler (1907 and

1909) and the chimera Crataegomespilus Asnieresii (see illustration

by Baur 191 1, pi. VIII) illustrate this phenomenon. In addition

to such mechanical and physical interactions, Winkler (19 10) has

presented some evidence that there may be a vegetative fusion of

cells in graft tissues producing what he would consider as the only

true graft-hybrid, and he further holds that hybrid modifications

may also result from the migration of such substances as atropin or

nicotine between stock and scion.

These facts indicate that the general phenomena of plant

chimeras have a very direct bearing on theories of morphogenesis
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and that cellular interaction is a potent factor in influencing cell

differentiation and in determining the physical characteristics of

such organs as leaves.

The bud-sports which arise from the various Pelargonium

chimeras are, we may say, rather simple cases of variation due to

a mechanical rearrangement of the kinds of cells already present.

Their appearance is a confirmation of the rule that like produces

like in its application to cell lineage rather than evidence of spon-

taneous somatic mutation or variation. In this case the real

variation occurs when the white cells appear as the progeny of

green cells. The frequency of this spontaneous variation in

Pelargonium (and in other cases as well) and the real nature and

the causes of the process are problems for future solution.
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A botanical cross-section of northern Mississippi, with notes <

influence of soil on vegetation

Introduction

The coastal plain of the southeastern United States seems to be

more diversified geographically in Mississippi than in any other

state, with the possible exception of Florida; and the correlations

between geology and vegetation are more obvious there than in

any other part of the coastal plain, unless it is in western Alabama.

These interesting correlations were graphically described by Dr.

E. W. Hilgard in his epoch-making "Geology and Agriculture of

Mississippi" in i860, in the fifth volume of the Tenth Census

reports in 1884, and in his text-book on Soils* in 1906. On pages

490-492 of the book last named there is a special phytogeographical

sketch of the northern end of the state, between latitudes 34

and 35°, accompanied by an outline map showing the soil provinces

or geographical divisions, and a table giving in very condensed

form the chemical and physical characters of the soil and a list

of a few of the more characteristic trees in each region.

In the summer of 191 1 I had occasion to cross the northern

half of Mississippi twice, first a little south of the portion last

mapped by Dr. Hilgard, and then almost through the center of it.

In so doing I crossed all but two or three of the divisions on hii

map (which form belts approximately parallel to the Mississippi

[The Bulletin for July (40: 305-376. pi. 20) was issued 18 Jl 1913.]
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River, instead of to the coast as in most other parts of the coastal

plain, and therefore running north and south), and I took ad-

vantage of the opportunity to make a more complete analysis of

the vegetation of each division than had been attempted in that

part of the country before. The observations made on that

trip, besides embodying some previously unrecorded fact's, have

led to some conclusions which seem sufficiently new to be offered

to the botanical public.

Previous literature. Besides the works of Dr. Hilgard already

noted, and a few papers on particular regions, which will be men-

tioned farther on, the following have an important bearing on the

phytogeographical problems of northern Mississippi.

Campbell & Ruffner. A physical survey extending from Atlanta, Ga.,
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line of the Georgia Pacific Railway, embracing the geology, topog-

raphy, minerals, soils, climate, forests, and agricultural and manu-

facturing resources of the country. 8vo. 147 pp. and 2 folded

maps. New York, 1883. (Pages 92-96 and 102-107 relate to

Mississippi.)

A. B. Hurt. Mississippi: its climate, soil, productions, and agri-

cultural capabilities. U. S. Dept. Agric. Misc. Spec. Rep. no. 3-

89 pp. 1883?. (Contains an annotated list of trees, among other

things.)

Sargent & Mohr. (Forests of) Mississippi. U. S. Tenth Census 9:

53 -536, and colored map. 1884.

W. J. McGee. The Lafayette formation (in Mississippi). U. S. Geol.
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: 451-461. 1892.

L. C. Johnson. (Underground waters of) Mississippi. U. S. Geol.

Surv. Water Supply & Irrigation Paper 114: 1 71-178. /. 23

(geological map). 1905.

A. F. Crider. Geology and mineral resources of Mississippi. U. S.

Geol. Surv. Bull. 283. 99 pp. 1906.

Crider & Johnson. Summary of the underground-water resources of

Mississippi. U. S. Geol. Surv. Water Supply & Irrigation Paper

159. 86 pp. 6 plates (including colored geological map), n text-

figs. 1906.

A. F. Crider. A provisional [sic] geologic and topographic map of

Mississippi. 20X28 in., colored. First published in 1907, and

issued in connection with several different bulletins of the Mississippi

State Geological Survey.
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C. E. Dunston (of the [U. S.] Forest Service). Preliminary examina-
tion of the forest conditions of Mississippi. Mississippi State Geol.
Surv. Bull. 7. 76 pp. (Xot dated, but apparently published two or

three years ago).

Some of these publications are more useful to botanists than
their titles would seem to indicate. There are very few references

to the area under consideration in purely botanical literature,

doubtless chiefly because nearly all the plants growing there, as far

as known, are widely distributed, as I have already pointed out in

the case of northwestern Alabama and the Delaware peninsula,*

and can be studied more conveniently elsewhere.

Itinerary. On June 6, 191 1, I crossed the eastern boundary
of Mississippi at McCrary, in Lowndes County, and continued to

Columbus, Artesia and West Point by the Mobile & Ohio R.R.

In the next few days I traveled almost due westward from West
Point, in about latitude 33 30', on the "Southern Railway in

Mississippi" (formerly Georgia Pacific Ry.). stopping at Canoll-

ton, Greenwood, Itta Bena, Stoneville and Greenville, and

making short excursions on foot from each of these places. On
the 10th I crossed the Mississippi River at Greenville by going ten

or twelve miles upstream to Luna Landing, Arkansas (the nearest

railroad point on the other side), which gave me a view of the

banks of the river for that distance. On the 16th I re-entered

Mississippi near Mineral Wells, in DeSoto County, traveled south-

eastward on the Frisco System (formerly Kansas City, Memphis
and Birmingham Ry.) to Tupelo, then southward on the Mobile

& Ohio to West Point and Artesia, and back to Alabama the same

way as before. Over a year later, namely, on August 31, 1912,

I came into the state near Corinth, in Alcorn County, traveling

southward on the Mobile & Ohio R.R. to Tupelo, West Point, etc.

The notes made on this last trip have been combined with those of

J 9ii in making up the list of plants for one of the regions, as will

be explained presently.

Method of treatment. The various soil belts described by Dr.

Hilgard are not as easily recognized now as they were when he

knew them best, for the increase of population and cultivated

fields generally tends to obliterate geographicaLdistinctions. And
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as I crossed the boundaries of most of the regions at the rate of

25 to 40 miles an hour, and without ever having seen them before,

I was unable to discern some of the distinctions that have been

made by those who have explored the territory on foot and made

careful studies of the stratigraphy. In the following pages the

results of my superficial study of the more conspicuous vegetation

of these belts, as far as I could recognize them, are set forth.

Notwithstanding its superficiality, this has one advantage over

previous studies of Mississippi vegetation in being quantitative.

Under each belt or region named the geology and topography

are briefly described, and the percentages of lime, potash, and

phosphoric acid in the soil, taken from Hilgard's report on cotton

production in the fifth volume of the Tenth Census, are indicated

in nearly every case, for purposes of comparison. Additional

literature is cited for some of the regions. All those crossed east

of Carrollton and Holly Springs extend southeastward into Ala-

bama, where they have been recently described, with quantitative

analyses of the forests of each, in my geographical report on the

economic botany of that state (Geol. Surv. Alabama, Monograph
8. 228 pp. June, 1913).

The plants identified in each belt are divided first into trees,

shrubs and herbs, and then arranged in order of abundance or

frequency, with a number indicating how many times each was

seen, except in the case of belts so narrow that the frequency

numbers would be too small to have much significance. Species

seen not more than once in a distance of fifty miles are usually

omitted. The names of evergreens are printed in heavy type and

those of vines in italics.

The regions in detail

From the Alabama line to about three miles west of Columbus,

a distance of about 12 miles, the country is underlaid by the

Eutaw formation, one of the divisions of the Cretaceous, but the

surface is mostly a sandy loam of much more recent age, presum-

ably the Lafayette.* As the railroad in this short distance crosses

the Buttahatchee and Tombigbee Rivers and traverses a few
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miles of the bottoms of the latter, the vegetation visible from the

train is mostly that of river-bottoms. And as the soil is so fertile

that most of it is under cultivation by this time, there is not much
natural vegetation left. Most of the shrubs and herbs seen were

introduced species, and it is hardly worth while to enumerate

them. The commonest trees seem to be Pinus Taeda, Salix

nigra, Liquidambar, Taxodium distichum, Quercus Phellos and

Ulmus alata, in the order named.

Cretaceous prairie region. From Mclntyre (three miles west

of Columbus) to Artesia and West Point, thence westward about

to the line between Clay and Webster Counties, the country is

characterized by a newer Cretaceous formation, the Selma Chalk

or Rotten Limestone, with little or no Lafayette loam over it. On
the return trip I entered the same belt near the northeastern

corner of Pontotoc County, and traversed it lengthwise from

Tupelo to Artesia. This is the "northeastern prairie region" of

Hilgard's Mississippi reports, a direct continuation of the central

prairie region or black belt of Alabama, which has been well

described by Smith,* Mohr.f and several less familiar writers.

This prairie region is gently undulating or "rolling," with very

few springs or small streams. Its soil, mostly a gray calcareous

clay, was once considered the most fertile in the state, with the

possible exception of that in the "delta" (described farther on),

and consequently most of it has been long given over to agricul-

ture. Analyses of this soil published by Dr. Hilgard show 0.99-

1-37% of lime (CaO), 0.33-0.86% of potash (K20), and 0.03-0.27%

of " phosphoric acid " (P2 5) . With the possible exception of corn,

cotton always has been the principal crop (about 20% of thejotal

* Tenth Census 6. 55-58. 68. 128-140 (pages numbered correctly at bottom).

t Plant Life of Alabama 97-106. 1901.

elts which were not separated by Dr. Mohr.)

The Mississippi portion of the black belt

ap. cit., 10-12), and Crider (U. S. G. S. Bull. 2

urveys of Monroe, Clay, Lowndes, Oktibbeha 2

f the U. S. Department of Agriculture, by I

nd M. A. Crosby of the Bureau of Plant Indu

f Alabama and Mississippi and their use for a
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area having been devoted to that crop as long ago as 1880), but in

recent years, especially since the approach of the boll-weevil, a

great deal of alfalfa has been raised. A large amount of land also

is now devoted to pasturage, as in many other parts of the world

where agriculture has been long established.

In such a fertile region forests, especially primeval forests,

are of course scarce. Some parts of it indeed are said to have been

treeless when first discovered, whence the name "prairie"; but it

would be hardly possible to determine the location and extent of

the original prairie spots with any degree of satisfaction now.

However, this is one of the few parts of the South where one can

see fields and pastures on the sky-line in many places instead of all

woods. The remaining forests are principally of two kinds: oak

groves on broad low knolls of poorer soil (Lafayette?), and bottom-

land forests near some of the creeks and rivers. The latter doubt-

less owe their preservation to the fact that the earlier settlers

found such land too difficult to drain, and often too insalubrious

to live in; but the growing population continually requires more

land, and the bottom-land trees are gradually disappearing before

the axe of the farmer. Pines are not seen at all in this part of

Mississippi, except an occasional solitary specimen of Pinus Taeda

or P. echinata, presumably introduced.

Although very different geologically, and not very similar in

climate, there are some striking resemblances between the present

appearance of this region and the prairie region of Illinois. Both

have comparatively level topography and fertile grayish to

blackish clay soil, and streams which fluctuate considerably and

are muddy most of the time. Both have very little woodland at

the present time (they were much less alike in this respect before

the country was settled, though), and almost no evergreens.

Luxuriant corn-fields make up a large part of the summer land-

scape (in Illinois the crop is nearly all corn, but in Mississippi it

is about half cotton), and finally in both regions the population

is about as dense as extensive agriculture alone will support, and

consequently it is practically at a standstill outside of the manu-

facturing cities.

Just as in the Cretaceous region of New Jersey and Delaware,*

the herbaceous flora recognizable from a train consists mostly of

*See Bull. Torrey Club 37: 425. 1910; Torreya 12: 221. 1921.
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weeds; but even the weeds are rather characteristic of this region,

both in Mississippi and in Alabama. The following list of plants is

derived from 128 miles of travel through the prairie region in

191 1, and from 69 miles over part of the same route (viz., from

Tupelo to Artesia and Mclntyre) in 1912. The country between

Corinth and Tupelo, traversed on the 191 2 trip, although mostly

underlaid by the same formation, is not taken into consideration

in the statistics because it has much more of the superficial sandy

loam (Lafayette?), a difference which is strongly reflected in the

vegetation. The figures for the two years are kept separate,

because one set of observations was made in early summer and

one in late summer, which makes a considerable difference in the

aspect of the herbaceous vegetation. The first figure in each case

is for June, 191 1, and the second for August, 1912. Species seen

less than three times in traveling these 197 miles are omitted.
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Assuming the above figures to represent correctly the relative

abundance of the species, less than 2% of the woody plants (i. e.,

individuals, not species) are evergreen. The significance of this

fact will be discussed farther on.

The oaks in this region, as in the "delta" region to be de-

scribed below, are rather puzzling, especially to one who has

never seen them before and has no opportunity to stop and

examine them closely in the light of descriptions or specimens.

Dr. Hilgard* has described some curious forms of oaks in this very

region, which ought to be investigated by a competent taxono-

mist. The comparatively large number of herbs, and the occur-

rence of a few genuine prairie species, such as Ambrosia bidentata,

Silphium laciniatum, S. terebinthinaceum, S. perfoliatum, Mesadenia

tuberosa, and Polytaenia Nuttallii (the last three seen only once,

and therefore not listed), are reminders of the prairie conditions

that once existed in this region.

Pontotoc Ridge. The next younger formation in Mississippi

is the Ripley, the uppermost division of the Cretaceous. Its

strata are more sandy and therefore less easily eroded and dis-

solved than the Rotten Limestone, and they give rise to a belt of

hills, rather rugged for the coastal plain, known in Mississippi

as the Pontotoc Ridge. According to Dr. Hilgard's analyses its

soil contains 0.17-0.28% of lime, 0.15-0.37% of potash, and

0.08-0.11% of phosphoric acid; or approximately half as much of

these important materials as in the prairie belt.f The Ripley

formation and its corresponding topography are wanting in the

latitude of Columbus and Greenville, but on the return trip I

traversed it for about 15 miles, between New Albany and Sherman.

Although the soil of the Pontotoc Ridge is perceptibly less

fertile than that of the neighboring prairies, it is mostly under

cultivation now, and one does not get a very accurate idea of its

native vegetation by merely crossing it once on a fast train. In

the following list the numbers are omitted, because they would

be too small to have much significance.

* Soils 491, 494, 498-502.

t For descriptions of this part of Mississippi see H ilgard, Geol. &
83-92. i860; U. S. Tenth C:ensus 5: 221-223, 2 :1k- V. oil

survey of Pontotoc County by Bennett and Winsl;on, 1.
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Liquidambar Styraciflua
Cornus florida

Quercus alba

Robinia Pseuda

Rhus glabra

Quercus falcata

Liriodendron Tulipifera
Populus deltoides Cicuta Curtissii

Sorghum Halepf

A noteworthy difference between this list and the one next

preceding is the presence of Pinus echinata* and Liriodendron,

species which do not grow in the richest soils. I am not sure that

any of the shrubs and herbs listed could have been found in pre-

historic times in the places where I saw them.

Post-oak flatwoods. The oldest Eocene formation in Missis-

sippi underlies the "post-oak flatwoods," which lie immediately

west of the Pontotoc Ridge in Union County and of the prairie

region in Clay County, and extend southeastward into Alabama.

This belt is nowhere more than 15 miles wide, and where I crossed

it on the westward trip its boundaries seemed so ill-defined, that

I could not very well separate my notes on it from those on ad-

jacent regions. On the way back, however, I had little trouble

in locating its western edge near Hickory Flat, and its eastern

edge at the western base of the Pontotoc Ridge, near New Albany.

The Lafayette formation seems to be absent in the flatwoods,

and the Eocene strata have weathered into a very stiff clay, con-

taining, according to Dr. Hilgard's analyses, 0.08-0.18% of lime,

0.25-0.75% of potash, 0-0.05% of phosphoric acid, and 0.17-

°-85% of magnesia. Both its physical and its chemical properties

make this soil ill adapted to agriculture, and the region is very

thinly settled. This part of Mississippi has been described by

Hilgard,f Hurt,! and E. J. Hill,§ and in the government soil

surveys of Pontotoc, Clay and Oktibbeha Counties.
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Hickory Flat and New Albany are only 14 miles apart, and

between those points I had less than twenty minutes in which

to gather the following list of plants.

Trees Herbs
Pinus echinata Sorghum Halepense
Quercus stellata Helenium tenuifolium
Liquidambar Styraciflua Typha latifolia

Rhus glabra

Arundinaria sp.

Cephalanthus occidentalis

This list is too short to draw many important conclusions

from, but the fact that a pine stands at the head is significant.

The second tree, Quercus stellata, is the one which gives the region

its name. Forests of very similar aspect can be seen in the

"barrens" of extreme northern Alabama and in the Paleozoic

flatwoods of the Coosa valley in Georgia and Alabama.
Eocene red hills. The more hilly portions of the Eocene (i. e.,

excluding the flatwoods) are traversed by the Southern Railway
from the eastern part of Webster (formerly Sumner) County to

Carrollton, and by the "Frisco" from the Mississippi River to

Hickory Flat. Geologists subdivide the Eocene into several

formations, but with the exceptions named above and below, I

was not able to correlate these with any marked differences in

topography or vegetation. The Southern Railway keeps pretty

close to a small river nearly all the way across Webster County,

and that probably makes more difference in the appearance of

the country between that county and those immediately west of it

than the difference in age of the underlying rocks does. West of

a line drawn from about Holly Springs to Carrollton, though, the

Eocene is covered by a superficial formation which affects the

vegetation enough to warrant a geographical separation,

called pine-barrens, evidently on account of the contrast with the pineless prairie
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The typical Eocene country of northern Mississippi is moder-

ately hilly, with reddish to yellowish clayey soil, some of it derived

from the weathering of the Eocene strata, and some belonging to

the much more recent Lafayette. According to Dr. Hilgard's

analyses these soils contain 0.05-0.09% of lime, 0.09-0.24% of

potash, and 0.02-0.09% of phosphoric acid; which is a smaller

percentage of the first two than in any other region here described.

Like most other parts of northern Mississippi, it is now mostly

under cultivation, and primeval forests are scarce. The same belt

extends northward into Tennessee and eastward to South Carolina,

if not farther.*

The following plants were noted more than once in Webster

and Montgomery Counties and the eastern half of Carroll on

June 7th, or between Holly Springs and Hickory Flat on the 16th;

a total distance of 77 miles.

4 Quercus nigra 3

3 Fagus grandifolia 3

2 Quercus stellata 2

2 Ulmus alata 2

2 Populus deltoides 2

Shrubs
\

5 Rhus glabra

2 Rubus
C

sp

aUina

2 £S^drcac1
e

a

ntaliS

i see Hilgard, Tenth Census 5:

South Carolina end of the same belt see Bull. Torrey Club 37: 4"- 19™; 38:
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The pines are probably relatively more abundant now than they

were originally, on account of their tendency to spread in old

fields, so that the apparent proportion of evergreens among the

woody plants (19 per cent) may be too large. But it is very

evident that the soil of this region is better adapted to evergreens

than is that of most of the other regions discussed in this paper.

Ericaceae seem to be entirely absent, and native monocotyledons

are not conspicuous. (There is no telling how many of the shrubs

and herbs listed are really indigenous here, but probably not more

than half.) Of the species enumerated, Taxodium and Brun-

nichia are almost confined to the coastal plain, and Quercus

Michauxii and Populus deltoides mainly so as far as the south-

eastern states are concerned; but the other species are pretty

widely distributed.

Yellow loam region. Between Memphis and Holly Springs the

topography is much the same as in the region just described, but

the surface is covered with a few to several feet of loess, a buff-

colored very fine-grained somewhat calcareous silt,* which makes

the vegetation considerably different. This is the "yellow loam

region" or "brown loam table-lands" of Hilgard, which has no

counterpart anywhere to the eastward. Dr. Hilgard 's analyses

show in this soil 0.24-0.25% of lime, 0.30-0.55% of potash, 0.07%
of phosphoric acid, and 0.31-0.48% of magnesia.

Almost every acre of it, except on the immediate banks of

streams, has been cultivated at some time or other, and much of

it is now badly gullied. No primeval forests were seen, and

no shrubs or herbs other than weeds, but probably nearly all the

trees listed below grew in the same region in prehistoric times,

even if not in exactly the same places where they are now. The
following list covers 44 miles, about 12 of which were in Tennessee,

but so close to the Mississippi line as not to cause any appreciable

12 Salix nigra 2 Platanus occidentalis

7 Quercus falcata 2 Gleditschia

T. O. Mabry, Jour. Geol. 6:
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Trees (continued) Herbs
: Quercus nigra 5 Plantago aristata

Taxodium distichum 2 Sorghum Halepense

Liriodendron Tulipifera 1 Tripsacum dactyloides

1 Daucus pusillus

Shrubs i Euphorbia sp.

3 Robinia Pseudacacia
1 Rhus glabra

Quercus nigra is partly evergreen (probably less so here than
nearer the coast, though), but with this possible exception no
evergreens were seen. Ericaceae and Cyperaceae are likewise

Bluff region. Carrollton is near the brow of a line of bluffs

which border the flood-plain of the Mississippi River all the way
from Memphis to Vicksburg, and form one of the most prominent

topographic features in Mississippi. From Carrollton station

(North Carrollton P. O.) the railroad descends rapidly for six or

eight miles to the foot of the bluffs, following the valley of a

creek. I walked the railroad from North Carrollton to Mal-

maison, which is near the edge of the flood-plain, and from there

northward up into the bluff hills about two miles and back.

Geologists generally map the surface formation of these bluffs

("cane hills," they are called farther south) as loess, but what I

saw of it in Carroll County looked almost exactly like the "second

bottom " loam along many rivers in the coastal plain of Alabama,

and quite different from the more typical loess which I saw a few

days later in Arkansas, and between Memphis and Holly Springs.

The steeper slopes of the bluffs are strewn in many places with

subangular cherty pebbles.

The plants seen along and near the railroad and creek between

Carrollton and Malmaison are mostly species characteristic of

bottom-lands, as follows.

:;-tichum Quercus Michauxii
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Up on the hills north of Malmaison the vegetation is much like

that of ordinary dry woods at moderate altitudes throughout the

South, as the following list shows.

Cornus florida

Judging from the vegetation, the soil of these hills must be
considerably less fertile than that of the same line of bluffs farther

south, as described by Dr. Hilgard (who apparently never visited

Carrollton and vicinity). Pinus echinata, the commonest tree,

does not seem to have been reported from this part of Mississippi
'1 before. It seems never to grow on loess (according to Call,

Geol. Surv. Arkansas ] r other very rich

soil. This and several other species in the list can stand frequ

forest fires, but Hydrangea and the three evergreen herbs and two
vines grow mostly in ravines, where they are pretty well protected

from fire.

The '"Delta" (Plate2i). Next is the "Yazoo delta "or Missis-

sippi bottom. Many of its features can be matched fairly well in
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the flood-plains of smaller rivers, but they are here exhibited on a

far larger scale than anywhere farther east. On the Mississippi side

the "delta" extends from a few miles north of the northern

boundary of the state down to Vicksburg, nearly three degrees of

latitude, or 200 miles in a straight line, and has its maximum
width of 60 miles about midway, or just in the latitude where I

crossed it. Generally speaking, it is a vast plain, sloping gently

southward, at a rate of about a foot to the mile, traversed by
numerous crooked, sluggish, muddy rivers and bayous, whose

banks are usually a little higher than the interstream areas. The
larger rivers of the delta, such as the Yazoo and Sunflower, are

thirty or forty feet deeper at high water than at low water, have

a perceptible current, and are navigable for steamboats most of

the year, while the smaller bayous are stagnant much of the time,

and fluctuate comparatively little. At least 90% of the area is or

has been subject to occasional inundation from the spring floods

of the Mississippi River ("Father of Waters"), but the building

of levees along the banks of the great river, in the last half century

or so, has considerably restricted the overflows.

The soil is mainly a fine gray silt, coarsest on the banks of the

larger streams, where the current in times of flood is swiftest.

Analyses published by E. A. Smith and E. W. Hilgard show that

it contains 0.26-1.35% of lime, 0.30-1.10% of potash, and 0.11-

0-30% of phosphoric acid. This is one of the most fertile soils

known, according to Dr. Hilgard (Soils, 116, 345), and very little

commercial fertilizer has been used on it as yet. Most of the area

seems to be under cultivation now (cotton being the principal

crop), but there is still considerable primeval forest with splendid

hardwood timber.*

There is much valuable information about this region in

Humphreys and Abbot's voluminous government report on the

physics and hydraulics of the Mississippi River, 1861 (reprinted

with additions in 1876). Other references are: E. A. Smith,.

Proc. A. A. A. S. 20: 251-262. 1872; C. G. Forshey, Proc. A. A.

A. S. 21: 78-m. 1873; Hilgard, Tenth Census 5: 85-88, 241-247,

319-321. 1884; CampbeH & Ruffner^op . cit. 93~96, 105-107;

seems to be most extensively cultivated, and forests consequently more prevalent
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Hurt, op. cit. 19-24. The latest paper on the area under con-

sideration is Bulletin 244 of the Office of Experiment Stations,

United States Dept. Agriculture, a "Report on the Belzoni*

drainage district in Washington County, Mississippi," by H. A.

Kipp, 1 912. This comprises 55 pages, a map and several diagrams;

and from the list of bench marks occupying the last six pages one
' can get a crude idea of the trees of the region and their relative

Running north and south near the middle of the "delta" is a

narrow low ridge, described by Smith and Hilgard as the "dog-

wood ridge," and said to be above the reach of all floods. Where

I crossed it, about Itta Bena, this ridge seems to be only a few

inches high, and it would be hardly noticed by any one not making

a special search for it. Even the inhabitants of that neighbor-

hood who were interviewed on the subject seemed never to have

heard of it. (It is doubtless more noticeable farther north.) I

walked along or near the ridge from Sheppardtown to Itta Bena,

eight miles, but the vegetation along there did not seem different

enough from that of the rest of the region to be listed separately.

The following plants were seen more than once on June 7th

to 9th, inclusive, from the train between Malmaison and Green-

ville, and on side trips on foot from Itta Bena, Elizabeth and

Stoneville, a distance of about 75 miles in all.

31 Taxodium distichum 2 Carpinus caroliniana

25 Salix nigra 2 Nyssa sylvatica

) Quercus Phellos

; Quercus Michauxii

I Platanus occidentalis
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14 Anthemis Cotula 2 Carex Crus-corvi

4 Sorghum Halepense 2 Saururus cernuus
3 Cyperus pseudovegetus 2 Monarda citriodora

3 Draeopis amplexieaulis

There are probably few places in temperate regions where one

can see more species of trees in traveling a similar distance through

an essentially homogeneous region. Six of those listed are oaks,

and if I had been more familiar with the Mississippi valley repre-

sentatives of that genus I might have identified still more. The
only evergreen tree in the list is Ilex opaca* and that is confined

to the highest and driest spots, and constitutes considerably less

than 1 per cent of the arboreal vegetation. As in other hardwood

regions,! the woody plants greatly outnumber the conspicuous

native herbs. The abundance of woody vines seems to be char-

acteristic of alluvial habitats and some other rich soils, in various

parts of the world. % The herbs listed are nearly all weeds.

Taxodium distichutn, the commonest tree, is not found on the

banks of the navigable streams of the delta, for it apparently

cannot stand more than ten or twelve feet of average seasonal

fluctuation of water. § It abounds along the smaller bayous or

"lakes," and in the interstream swamps described by Smith,

Hilgard and others. At the time of my visit the branches of most

of the cypress trees in this region and among the bluffs near

Carrollton had many branches dead at the tips. The cause of this

condition was not ascertained, but drainage operations may have

had something to do with it.

Populus heterophylla, which is said by Sargent
||
to be especially

abundant in this region, I saw only once, and that in the outskirts

of the city of Greenwood, where it might not have been in-

digenous.

Besides the species to be noted presently as conspicuous by

their absence all the way across the state, the following were not

seen at all in the " delta
'

'

:
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Terrestrial ferns Quercus falcata

Juniperua virginiana Liriodendron

AInus rugosa Sassafras

Fagus Nyssa bifiora

Quercus stellate

Banks of the Mississippi (Plate 22). Of the banks of the

"Father of Waters" I can say very little, having seen them only

for a few miles, between Greenville, Miss., and Luna Landing, Ark.,

on June 10th. Nuttall passed by there in January, 1820, and pub-

lished some observations on the river-bank vegetation in his

"Journal of travels into the Arkansa territory" the following year.

Lyell traversed part of the same route in March, 1846, and his

observations can be found in his "Second visit to the United

States," 2: 163-164. 1849.

On the inner sides of bends Salix nigra (?) is seen everywhere on

sand-bars between high and low water marks, and Populus

deltoides on more silty soil a little higher up. These trees can

probably stand as much seasonal fluctuation as any in the world.

They seem to prefer soils poor in nitrogen and rich in inorganic

plant foods, and they must be regarded as the pioneers for that

particular type of soil. On the outer sides of bends, where the

river is eroding its banks, Liquidambar, Arundinaria, and various

other species characters5tic of river-bottoms are visible, together

with occasional specimc:ns of Taxodium in the swamps farther

back.

Conclusion

Notable absentees. Of the plants which are common in other

parts of the coastal plain and rare or absent in northern Mississippi

the following occur to me. Nyssa bifiora was seen only twice,

once in Clay County and once in Lowndes; and Juniperus was

seen only once on the 191 1 trip, that in Lowndes County. (It

is rather common in the black belt of Alabama.) Ferns are rare,

as are nearly all pine-barren plants. The following were not

seen at all.

1 floating down the Miss
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Relation of flora to precipitation and soil texture. The absence
of Taxodium imbricarium, Magnolia glauca, and other bog plants
from northern Mississippi is correlated with the seasonal distribu-

tion of rainfall, among other things. In the greater part of the

coastal plain, summer is the rainy season; but in the "Mississippi

embayment" portion, which is farthest inland, the winters are

wetter than the summers, just as in the interior hardwood region,

of which this might be regarded as forming a part. At Water
Valley, Yalobusha County, which is pretty close to the center of

the northern half of Mississippi, meteorological records for a
period of twenty years show that only 30.3 per cent of the normal

annual precipitation comes in the four warmest months, June to

September, and 41.9 per cent in the six warmest months, May to

October.* (March is usually the wettest month and October the

driest.)

This type of seasonal distribution of rainfall makes all streams,

and the ground-water too, high in spring and low in fall; while

in the pine-barren portions of the coastal plain the greater evap-

orating power of the sun in summer is largely counterbalanced by
the increased rainfall at that season, and consequently the water-

level is much more uniform there, and conditions are favorable

for the development of peat and of bog plants. Ponds and

swamps are scarce in northern Mississippi, except in the "delta,"

where they are caused by the topography, in spite of the climatic

conditions just described.

Another factor perhaps still more important in determining

1 Garfit-n \- F<<re»t
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the character of the flora of northern Mississippi is the prevalence

of clayey soils, contrasting strongly with the sand of the pine-

barrens nearer the coast. Sand is here chiefly confined to the

beds of creeks and rivers, as it is in most of the interior hardwood
region. The character of the soil may not be wholly independent

of the seasonal distribution of rainfall, but it would be too much
of a digression to discuss the matter here. Suffice it to say that

it happens that in the Eastern United States most regions with

wet winters and dry summers have fertile clayey soils, and where
the reverse is true sandy soils predominate.

Some relations of vegetation to soil chemistry. Dr. Hilgard, in

his earliest and latest books (i860 and 1906), and in various other

works, has always stressed the importance of chemical composition
of soil, especially the percentage of lime, in determining the

character of the vegetation. In his "Soils," page 490, as already

noted, he gives the lime percentages for each soil belt of northern
Mississippi, and describes the corresponding vegetation briefly.

Similar correlations have been made in Europe by a number of

investigators, and the fertility of calcareous soils has been long

proverbial. Limestone is one of the commonest and most easily

recognized minerals, so that such correlations are easily made;
but in the light of the observations made on this trip, and other
recent investigations, it is highly probable that some of the other
mineral ingredients of soils which do not manifest themselves so

conspicuously may be equally important to vegetation.
In the case of lime there always has been a difference of opinion

as to just how much of it a soil should contain to be called cal-

careous. According to Dr. Hilgard, in Europe a soil is not usually

called calcareous unless it effervesces with acid, which requires

about 5% of lime (calculated as CaO)*; while in this country
many soils containing only 1% of lime differ as much in their

vegetation from those which have less as they do from some derived
from nearly pure limestone. He concludes that calcareous soils

are distinguished better by their vegetation than by any arbi-

trary chemical standard; but here another difficulty is encoun-
tered. Just what is calciphile vegetation?

Various European investigators, Schimperf for example, have

t See pages 94-106 of his Plant Geography. English edition. 1903.
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published lists of calciphile plants for particular regions, and
in temperate eastern North America certain plants, mostly trees,

have become by common consent, as it were, accepted as indicators

of calcareous soils. Dr. Hilgard lists quite a number of these in

each of his books, and even goes farther and distinguishes dif-

ferent forms of the same species characteristic of different kinds

of soil. But none of these writers seem to mention any characters

which their calciphile plants have in common, so that if a person

totally ignorant of mineralogy should travel around the world he

could identify the limestone regions only by knowing the individual

species which have been listed as calciphile ; and the flora changes

almost completely every thousand miles or so in temperate

regions.

As a matter of fact, the supposed lime-loving trees listed by

Hilgard and others in this country do have some characters in

common. They are all deciduous except the cedar (and I have

recently shown that that is not necessarily calciphile*), and many
of them have durable dark-colored heart-wood, thin leaves, and

large seeds. But trees with similar characters, and indeed most

of the same species, can be also found in many places where the

soil is poor in lime or at least not commonly regarded as cal-

careous, and associated with other species which have not been

hitherto regarded as calciphile. Coville in his work in Arkansas

a quarter of a century ago found that the difference in the vegeta-

tion of sandstone and limestone areas in close proximity was more

quantitative than qualitative; i. e., the species were nearly the

same, but their relative abundance differed considerably in the

two areas, f

Comparatively few observations on calciphile vegetation in

tropical and cold-temperate regions seem to have been made. In

Schimper's Plant Geography less than a page (380) is devoted to

the effects of lime on vegetation in the tropics, and he believes

its influence to be less there than in temperate regions. In ex-

treme southern Florida, including the Keys and most of the main-

land south of Miami, the rock is nearly all limestone.; and there

: that of the Upper I
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is very little soil on top of it. But almost none of the trees

regarded as calciphile in the states farther north are found there,

and the question arises, are the numerous species of trees growing

on limestone in South Florida (nearly all of them tropical) true

calciphiles? They are certainly very different in aspect from the

supposed lime-loving trees of Mississippi, being nearly all ever-

green. Furthermore, some of the commonest species, the pine

especially, flourish equally well in sandy soils a little farther north,

which are very poor from an agricultural standpoint.

Let us see now if there is not some soil ingredient other than

lime which is of fundamental importance to vegetation. One of

the most convenient and at the same time perhaps the most sig-

nificant characters of arboreal vegetation that can be expressed

quantitatively is the percentage of evergreens, and this has been

already indicated roughly for most of the soil belts described above.

The percentages of certain soil ingredients also have been given,

and it will be noticed that in the regions under consideration the

evergreens can be correlated with potash just about as well as with

lime, evergreens being scarcest in the soils richest in potash.

This relation is still more apparent when we compare northern

Mississippi, where nearly all the soils are pretty well supplied with

potash, with Florida, where soil conditions are very different.

Florida has a larger proportion of evergreens than any other

state in the Union, and at the same time its soils are poorest in

potash, though fairly well supplied with lime.* It is altogether

likely that the limestones of South Florida above mentioned are

deficient in potash, though I have too few data on this point as yet.

Statistics collected by Hilgard in his book on Soils show that the

percentage of potash in tropical soils is usually less than in those of

temperate regions; and it is barely possible that the prevalence

<of evergreens in the tropics may be due partly to this fact, and

not to climate alone, as has been hitherto supposed. In temperate

h and 0.31% of lime. The corresponding figures for fo

3 are as follows: Kentucky, 92 samples, 0.35% potash, o

les, 0.25% potash, 0.29% lime; Tennessee, 144 samples, c



Harper: Botanical cross-section of Mississippi 399

climates evergreens abound in and near peat bogs and are scarce

in clayey soils, and it is well known that potash is scarce in peat

and abundant in clay.

Just why potash should be antagonistic to evergreens is an

ecological problem that need not.be discussed here; for at present

I am merely pointing out the geographical correlation. The

reasons why this correlation has not been made before are probably

first because potassic rocks are not conspicuous and identifiable

at sight like limestone, and second because the percentage of

potash in the soil varies between much narrower limits than does

that of lime, and most soils in inhabited regions have enough

potash for the average plant. But it has been proved by many

experiments that in an artificial soil containing no potash at all

nothing will grow; and it is therefore reasonable to assume that

between this artificial condition produced in the laboratory and

natural soils containing an average amount of potash there must

be intermediate stages where the vegetation is very different from

what it is on the average soil. As potash seems to be more

abundant in leaves than in any other part of a plant it is natural

that a deficiency of this substance should manifest itself first in

the leaves, and that plants which do not have access to much

potash should have smaller leaves than those of rich soils, and

keep them longer.

Geological Survey of Alabama, University

County, approximately on the " dogwood ridg

Nyssa sylvatica (in foreground), Quercus nigra.

Fig. 2. Bayou at Quito, Leflore Count;

Trees mostly Taxodium distichum and Nyssa iuniflora. The dead bi

miles above Greenville, Washington County.

deltoides, Salix, etc. June 10, 19™.

Fig. 4. Nearer view of same (eastern) h

Srra:
showing numerous vines, Platanus occidentalism etc. June 10, 19H-





Studies in the Agalinanae, a subtribe of the Rhinanthaceae*

Francis W. Pennell

II. Species of the Atlantic coastal plain

Following a survey of the nomenclatural history of the group

of Rhinanthaceous plants, which we would term for convenience

the Agalinanae, there should properly come some comparative

morphological study of the several genera. It has seemed advis-

able, however, to defer such for the present, in order first to present

the results of a season's field-study of the group in the Coastal

Plain of the South Atlantic and East Gulf states.

The present paper includes a revision of the species known to

occur in the Atlantic Coastal Plain from New Jersey to eastern

Louisiana. The flora of the northward extension of this area

Long Island and southeastern Massachusetts—has not been

included, as this region is so narrow and broken, and the Coastal

Plain flora so attenuated, as scarcely to make such inclusion

desirable. From New Jersey southward and westward to central

Alabama the Fall Line has been followed as the natural inland

boundary. But toward the west instead of turning northward

to include the lower Mississippi Valley, an arbitrary line has been

drawn on the 33d parallel to the Mississippi River, the western

limit of this study. It is believed that while sufficiently diverse

the flora of the region included has so much in common, and so

much in contrast to the districts northward and westward as to

warrant a special consideration.

Four genera of Agalinanae occur within

Macranthera is monotypic and wholly restricted to this region,

Afzelia with two species east of the Mississippi River is nearly so

restricted, Aureolaria, primarily a genus of the Appalachian

district, has several species adapted to this region, while Agahnts,

the largest genus, here reaches its greatest diversity and

abundance. -

* Contribution from the Botanical Laboratory of the Lmversi >

401

Of these
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In the late summer and early autumn of 1912, I was able to

spend over two months in field-study of this group, and the

following itinerary indicates the more important points in the

Coastal Plain where collections were made

:

Abita Springs, St. Tammany Parish, Louisiana August 11-19
Catalpa, West Feliciana Parish, Louisiana " 20-26
Biloxi. Harrison Co., Mississippi " 27-29
Theodore, Mobile Co., Alabama August 30-Sept. 4
Mobile, Mobile Co., Alabama Sept. 5

Bay Minette, Baldwin Co., Alabama " 6-8

Milton, Santa Rosa Co., Florida " 9
Milligan, Santa Rosa Co., Florida " 10
Florala, Covington Co., Alabama " n_ l5

Chipley, Washington Co., Florida " l6-i8
Apalachicola, Franklin Co., Florida " 10-21
Tallahassee, Leon Co., Florida " 22-24
St. Marks, Wakulla Co., Florida '•

25-26
Montieello, Jefferson Co., Florida " 2?
Thomasville, Thomas Co., Georgia " 28-30
Valdosta, Lowndes Co., Georgia Oct. 1

Cordele, Crisp Co., Georgia "
2_4

Douglas, Coffee Co., Georgia "
4

Waycross, Ware Co., Georgia "
5_6

Jacksonville, Duval Co., Florida "
7 8

Brunswick, Glynn Co., Georgia "
9_ IO

Charleston, Charleston Co., South Carolina " 11-13
Monks Corner, Berkeley Co., South Carolina " I4
Wilmington, New Hanover Co., North Carolina " I5-i6
Rocky Mount, Nash Co., North Carolina " I?
Weldon, Halifax Co., North Carolina - l8

Altogether about 300 numbers of Agalinanae were collected,

and a field-study of each species made. These collections and
notes form the basis of this report.

In connection with this material I have also reviewed the
specimens from the Coastal Plain in the herbaria of the following
institutions: United States National Museum, Missouri Botanical
Garden, Field Columbian Museum, Biltmore Herbarium, New
York Botanical Garden, Academy of Natural Sciences of Phila-

delphia, University of Pennsylvania, Charleston Museum, Tulane
University, Florida Agricultural College, also in the private

herbaria of Dr. E. L. Greene, C. C. Deam and H. H. Bartlett.

To the custodians and owners of all of these I am greatly in-

debted.
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Also I am indebted to Dr. N. E. Brown of Kew Gardens,

England, for consulting Bentham's types in their collections,

portions of three of which were kindly sent me; to Dr. A. B. Rendle

of the British Museum for examining Walter's types; and to

Dr. C. H. Ostenfeld of Copenhagen, Denmark, for comparing the

type of Gerardia tenuifolia Vahl.

Of the thirty-four species and subspecies in the following

pages, all but one have been seen and studied in the field. This

exception, Agalinis oligophylla, is a Louisiana species not in flower

in August when I was there. All new species here proposed have

been seen growing, and compared with allies in their native

environment. It has been a matter of no small satisfaction that

herbarium material since reviewed has fallen so readily into the

species deemed valid in the field.

A word may be said concerning field variation in this group.

The one species of Macranthera and our two of Afzelia, as well as

all our species of Agalinis seem relatively uniform and constant.

Breaks between species in the last are often slight but field-study

shows them to be true—I have observed little in this genus to

suggest hybridism or pronounced subspecific variation. On the

other hand, in Aureolaria, especially in the subgenus Panctenis,

conditions seem much more complicated, and such a species as

Aureolaria pectinata can be viewed only as composed of a number

of strains.

In the following treatment the endeavor is^ made to include

quite fully diagnostic characters in the key, while, to save space,

only in the case of new species are specific descriptions given.

Full synonomy is included so far as Coastal Plain species are

concerned. Type localities are quoted from the original descrip-

tions, and where types have been examined the fact is noted. No

types have been found for Rafinesque's species. The type of

Gerardia tenuifolia leptophylla Benth.* has not been as yet identi-

fied. The flowering and fruiting seasons are from specimens seen,

but are necessarily incomplete. North and south the flowering

season is about the same for a given species, possibly a little later

All definiteness in season seemsj

3S . "Jackso

be lost in southern
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Florida. Distribution notes are made as definite as practicable.*

All localities from which specimens have been seen are listed, and

in the case of specimens of my own collecting numbers are given.

Of course many specimens have been seen with data too vague

for such classification. In the fuller revision of this group upon

which the writer is working it is intended more fully to index

specimens seen.

In prosecuting this study I have been most deeply indebted

to the following three gentlemen: to Mr. Roberts Le Boutillier,

of Wayne, Pa., whose generosity enabled me to accomplish the

field-work required, to Dr. Roland M. Harper whose knowledge

of the flora of the Southeast, most generously imparted, has made
my search far more successful than it otherwise could have been,

and to Dr. John M. Macfarlane, under whose direction and con-

his study has been made.

s largely adopted the floristic are<

f Southern New Jei

Ann. Rep. New Jersey State Mus. [1910]: 191 2; F. Shreve et al—Plant 1

Maryland—Maryland Weather Service 3: 1910; R. M. Harper Vegetation of th<

coastal plain— Bull. Torrey Club 37: 405-428, 1910; R. M. Harper—Altamaha Gri

Region of Georgia—Ann. New York Acad. Sci. 17: 1. 1906. R. M. Harper-
Preliminary Report on Peat—Florida Geol. Surv., Ann. Rep. 3: 199-375. 19"
C. Mohr—Plant Life of Alabama—Contrib. U. S. Nat. Herb. 6. 1901; R. M
Harper—Geographic Report on Forests—Geol. Surv. Alabama Monograph 8. 1913
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I. MACRANTHERA "Torr."; Benth. in Hook. Comp. Bot.

Mag. i: 174. 1835-6

One species:

1. Macraxthera flammea (Bartram) Pennell, Bull. Torrey.

Club 40: 124. 1913

Gerardia flammea Bartram, Trav. 412. 1791. " Stony gravelly

heights " along Tensaw River* near " Taensa," Alabama. No
type specimen known to exist. Identified by Mohr, Plant

Life of Alabama, 15. 1901.

Conradia fuschioides Nutt. in Jour. Acad. Nat. Sci. Phila. 7:

88. 1834. No locality given. Type, without data, seen in

Herb. Acad. Nat. Sci. Phila.

Macranthera fuchsioides (Nutt.) Benth. in Hook. Comp. Bot.

Mag. 1: 174. 1835-6.

Macranthera Lecontei Torr. in Ann. Lye. Nat. Hist. New York 4:

80. pi. 4. 1837. " In dry pine woods on the Alatamaha, in

Liberty County, Georgia." Type-, without data, seen in Herb.

Columbia University.

Russelia flammea (Bartram) Raf. New Fl. Am. 2: 71. 1837.

Flamaria coccinea Raf. New Fl. Am. 2: 71- 1837. Additional

name for Russelia flammea (Bartram) Raf.

Toxopus gymnanthes Raf. New Fl. Am. 2: 72. 1837- Addi-

tional name for Macranthera Lecontei Torr.

Toxopus calycinus Raf. New Fl. Am. 2: 72. 1837. Additional

name for Macranthera fuchsioides (Nutt.) Benth.

Tomilix bracteata Raf. New Fl. Am. 2: 72- 183?- Additional

name for Macranthera fuchsioides (Nutt.) Benth.

Macranthera fuchsioides Lecontei (Torr.) Chapm. Fl. So. U. S.

297. i860.

Conradia Lecontei (Torr.) Kuntze, Rev. Gen. 1: 459- 1891.

Though somewhat variable, when in flower the calyx-lobes

are mostly entire, linear, relatively short as compared with

corolla-tube [=M. Lecontei], later the corolla shrivels and
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contracts, but persists, while the calyx-lobes continue to grow,

becoming quite lobed and leaf-like [= M. fuchsioides].

Flowers, August to October. Fruit, September to October.

Distribution: Borders of wet sandy thickets, in lower coastal

pine belt and coast district, southern Georgia and northern

Florida to southern Mississippi. Frequent in pine hill region of

northwestern Florida, and in southern Alabama. Restricted to

the coastal plain.

Plants and specimens examined:

Georgia: Probably Liberty Co., LeConte; Thomasville.

Florida: Quincy; Beverly {4681); Argyle; Crestview; Milligan

(4595) ; Milton (4564) ; Bluff Springs.

Alabama: McRae (4641); Bay Minette {4553); Mobile; Whistler

{4534); Theodore (4406, 4459, 4462).

Mississippi: Ocean Springs; Biloxi.

2. AFZELIA J. F. Gmel. curante L. Syst. Nat. ed. 13. 927. 1791

Stem closely pubescent, viscid; leaves pinnatisected, segments

I. Afzelia pectinata (Pursh) Kuntze, Rev. Gen. 1: 457. 1891

Seymeria pectinata Pursh, Fl. Am. Sept. 2: 737. 1814. "In

South Carolina. Catesby—v. s. in Herb. Sherard."

Seymeria Jacksoni' Kll. Sketch 2: 123. 1824. "Sent to me from

Louisville, Ga., by Mr. Jackson." Type seen in the Elliott

Herbarium at the Charleston Museum.
Seymeria heterophylla Raf. New Fl. Am. 2: 68. 1837. "Alabama

and Georgia, my specimen from Leconte."

Flowers, August to September. Fruit, mid-September to

October.

Distribution: Dry sandy pineland in the coastal plain from
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South Carolina to Mississippi, south in the Florida peninsula to

Miami. Frequent in southern Georgia and southern Alabama

and in Florida. Nearly restricted to the coastal plain.

Plants and specimexs examined:

South Carolina: Aiken.

Georgia: Augusta; Thomson; Louisville; Brunswick (484s); Way-

cross (4780) ; Thomasville (4732) ; Leslie (4760) ; Columbus.

Florida: Jacksonville; South Jacksonville; San Pablo (4802); St.

Augustine; Tocoi; Eustis; Palm Springs; Clarcona; Georgiana;

Miami; Marco; Tampa; St. Marks (4705, 47*5)'* Quincy;

River Junction; Liberty Co.; Fort Gadsden (4686); Apalachi-

cola (4674) ; Chipley {4645) ; Ponce de Leon {4656) ;
Milligan

{4585) ; Milton {4568); Santa Rosa Island.

Alabama: Auburn; Abbeville; Ozark; Florala (4630); Greenville;

Wilcox Co. ; Mobile Co.

Mississippi: Waynesboro.

2. Afzelia cassioides (Walt.) J. F. Gmel. curante L. Syst. Nat.

ed. 13. 927- 1791

Anonymos cassioides Walt. FI. Carol. 171. 1788. No type locality

given, presumably from Berkeley Co., South Carolina.

Gerardia cassioides (Walt.) Pers. Syn. 2: 154. 1807.

Seymeria tenuifolia Pursh, Fl. Am. Sept. 2: 737- 1814. New

name for Gerardia cassioides (Walt.) Pers.

Flowers, September to mid-October. Fruit, October.

Distribution: Moist to dry pineland, mostly sandy, in the

coastal plain from North Carolina to Florida and Louisiana.

Frequent in the Wilmington pine barrens, occurs also near Fayette-

ville, North Carolina, and occasional or frequent southward. Most

abundant in flat pine woods of southern Georgia, northern Florida,

and near the Gulf coast to Louisiana. In the Florida peninsula

reaching Bradentown on the west coast. Mostly in the coastal

plain, casually inland in northern Georgia, Alabama, and south-

Plants and specimens examined:

North Carolina: Wilmington (4900,4919)' Fayetteville.

South Carolina: Columbia; Santee Canal; St. Johns; Cooper
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River; Monks Corner {4878); Otranto (4872); Summerville

;

Charleston (4866) ; Beaufort.

Georgia: Thalmann (4809); Coffee Co.; Naylor (4743); Moultrie;

Thomasville {4725)', Leslie.

Florida: Jacksonville; St. Augustine; Bradentown; Tampa; Lake

City; Monticello (4719); St. Marks (4713); Quincy; River

Junction; Fort Gadsden (4691); Apalachicola (4678); Chipley

(4649); Ponce de Leon (4653); Milligan (4588).

Alabama: Auburn; Abbeville; McRae {4639) ; Bay Minette (4552) i

Mobile Co.

Mississippi: Meridian; Fontainebleau ; Ocean Springs; Biloxi;

Nicholson.

Louisiana: Covington (4217); Hammond.

3. AUREOLARIA Raf. New Fl. Am. 2: 58. 1837

Corolla glabrous without; calyx-lobes entire; seeds

winged. Plants perennial, not glandular. Aureolaria (sensu strictu

Capsule glabrous. Flowers evidently pediceled.

Stern glabrous, more or less glaucous.

Leaves glabrous beneath.

dentate like the leaves.

Capsule 15-20 mm. long. i. A. virginica.

Stem puberulent. Leaves puberulent be-

neath. Bracts of a spatulate type, entire. 3. A. disperse.

Capsule rusty-pubescent. Plant pubescent

Corolla pubescent without; calyx-lobes dentate to

pectinate; seeds wingless. Plants annual,

glandular. Panctenis (Raf.) subgen

nutely glandular. Pedicels mostly over

Leaves not sharply incised. Calyx-tube

turbinate. Capsule ellipsoid.

Leaves and stem minutely and closely

pubescent. Leaves deeply pinnatifid.

Stem-leaves mostly 3-6 cm. long.

.ver Panctenis Raf. New
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Pedicels mostly shorter than or

equaling the bracts. 5. A. pedicularia.

Item-leaves mostly less than 2 cm.

:s and stem minutely glandular-

Leaves and stem densely glandular-pubescent.

Pedicels mostly less than 10-12 mm.
long, shorter than the calyx. Leaves

pinnately lobed, lobes sharply pectinate.

Calyx-tub*

Flowering pedicel mostly

reduced. g. A. pectinata floridana.

i. Aureolaria virginica (L.) Pennell, comb. nov.

Rhinanthus virginicus L. Spec. Plant. 603. 1753- "Habitat in

Virginia." Specimen in Gronovius' herbarium identified by

Pursh. As specimen in Linnaean Herbarium bears hand-

writing of Linnaeus the younger, and was probably a later

addition, I presume Gronovius' plant to be the type. For dis-

cussion see Kuntze, Rev. Gen. 1: 460. 1891.

G rardiafiava L. Spec. Plant. 610. 1753- "Habitat in Virginia,

Canada." Specimen in Linnaean Herbarium identified by

Bentham in Hook. Comp. Bot. Mag. 1: 198- 1835-6-

Anonymos fiava (L.) Walt. Fl. Carol. 170. 1788. As to

synonymy, not description, the latter probably applying to

Aureolaria villosa Raf.

Gerardia lauca Eddy in Med. Repos. N. Y. Ilnd. Hexade, 5: 126.

1807. Plandome, Long Island. C. W. Eddy.

Gerardia auercijolia Pursh. Fl. Am. Sept. 2: 423- l8l 4- "On

the banks of rivers in rich shady places, Pennsylvania to

Carolina."
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Aureolaria glauca (Eddy) Raf. New FI. Am. 2: 60. 1837.

Dasystoma quercifolia (Pursh.) Benth. in DC. Prcdr. 10: 520.

1846.

Dasystoma flava (L.) Wood, Class Book. 529! 1861. As to

synonymy, not description, the latter applying to Aureolaria

villosa Raf.

Gerardia virginica (L.) Britton, Prelim. Catal. N. J. PI. 40. 1888.

Dasystoma virginica (L.) Britton in Mem. Torrey Club 5: 295.

1894.

Flowers, in New Jersey, September.

Distribution: Frequent on rich slopes, often rocky, in wood-

land inland, very rare in the Coastal Plain. On wooded slopes at

a few points in southern New Jersey.

Specimens examined:

New Jersey: New Egypt; Nesco; Fairton.

2. Aureolaria reticulata Raf. New Fl. Am. 2: 59. 1837

Aureolaria reticulata Raf. "Florida and Alabama." No type

known to exist.

Dasystoma bignoniifiora Small in Bull. N. Y. Bot. Gard. 1 : 285.

1899. "Collected by Dr. Burrows, at Tampa Bay, Florida,

in 1834." Type seen in Herb. Columbia University.

Flowers, late-August to mid-October. Fruit, September to

October.

Distribution: Sandy ravines and moist woodland, both in

calcareous and siliceous districts, in the coastal plain from North

Carolina to central and western Florida. Apparently most

frequent in calcareous region of northern and western Florida.

Restricted to the coastal plain; possibly better considered a sub-

species of A. virginica replacing that species in the southern

coastal plain.

Plants and specimens examined:

North Carolina: Fayetteville.

South Carolina: Santee Canal; St. Johns; Monks Corner U875)r

Eding Island.

Georgia: Thomasville (4723); Leslie {4765).

Florida: Tampa Bay; Monticello {4720) ; Tallahassee {46Q6, 4698) *

River Junction; Marianna; Milton {4565,4566).
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3. Aureolaria dispersa (Small) Pennell, comb. nov.

Dasystoma quercifolia intermedia Benth. in DC. Prodr. 10: 520.

1846. No type locality given, nor type specimen known to

exist. Description would indicate this species.

Dasystoma dispersa Small, Bull. Torrey Club 28: 452. 1901.

"Louisiana: Feliciana, Carpenter; type in the herbarium of

Columbia University." Type seen in Herb. Columbia Uni-

versity.

Gerardia dispersa (Small) K. Schum. in Just's Bot. Jahresber.

29: 580. 1903.

Flowers, August to September. Fruit not seen.

Distribution: Sandy thickets and Oakland, frequent in

coastal pine belt near the Gulf, southern Alabama to eastern

Louisiana, reaching Wilkinson Co., Mississippi. Restricted to

the coastal plain.

Plants and specimens examined:

Alabama: Baldwin Co.; Crichton (4521); Hollander's Island

(4504)-

Mississippi: Ocean Springs; Biloxi (4384); Long Beach; Wilkinson

Co.

Louisiana: Abita Springs (4117, 4^45); Covington; Feliciana.

4. Aureolaria villosa (Muhl.) Raf. New Fl. Am. 2: 59- *$37

Aureolaria villosa (Muhl.) Raf. No type locality given, nor type

specimen known to exist. Gerardia villosa Muhl. Catal. 58,

1813, and Gerardia heterophylla Muhl. 1. c. are treated as

nomina subnuda.

Dasystoma pubescens Benth. in DC. Prodr. 10: 520. 1846. "In

Americae sept, civitatibus orientalibus frequens."

This species has been commonly identified as Gerardia flava, but

appears not to be G. flava L.

Flowers, late-May to mid-August. Fruit, late-July to October.

Distribution: Widely distributed in the eastern United

States, more common above the fall line. Frequent or occasional

in sandy soil in the coastal plain from New Jersey to ]

Not seen from the Florida peninsula. In New Jersey frequei

middle and Cape May districts, less so in the pine barrens.
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Plants and specimens examined:

New Jersey: Spotswood; Farmingdale ; Hornerstown ; Medford;
Locust Grove; Westville; Clarksboro; Swedesboro; Atco

{3546) ; Hammonton; Cape May Court House {3986) ; Bennett;

Cold Spring; Cape May.
Maryland: Chestertown.

Virginia: Naucks {2471); Cape Henry; Franklin.

North Carolina: Wilmington.

South Carolina: Santee Canal; St. Johns; Bluffton; Aiken;

Graniteville.

Georgia: Macon.

Florida: Jacksonville; Chattahoochee River.

Alabama: Ozark Evergreen.

Louisiana: Pearl River.

5. Aureolaria pedicularia (L.) Raf. New Fl. Am. 2: 61. 1837

Gerardia pedicularia L. Sp. PI. 61 1 . 1 753. "Habitat in Virginia,

Canada."

Anonymos pedicularia (L.) Walt. Fl. Carol. 170. 1788. As to

synonymy, probably not description.

Panctenis pedicularia (L.) Raf. New Fl. Am. 2: 61. 1837.
Dasystoma pedicularia (L.) Benth. in DC. Prodr. 10: 521. 1846.

Variable, the following subspecies local, and more or less sharply
defined.

Flowers, mid-August to mid-September. Fruit, October,
persisting through the winter.

Distribution: Widely distributed and frequent in the

northern states above the fall line. Rare in the coastal plain

where mostly replaced by the following subspecies. Material
seen nearly all from New Jersey, where it is rare or absent in

middle district, somewhat more frequent in the pine barrens and
evidently approaching the subspecies caesariensis. (Transitional

specimens indicated by asterisk.)

Plants and specimens examined:

New Jersey: Middlesex Co.; Brindletown* ; Atsion*; Hammon-

Pennsylvania: Tinicum {3589).
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6. Aureolaria pedicularia caesariensis Pennell, subsp. nov.

Annual. Stem 10 dm. tall, widely branching, minutely and

closely pubescent, very sparingly glandular below. Leaves sessile,

ovate-lanceolate, less than 2 cm. long, pinnatifid, segments

irregularly crenate-dentate, equaling or longer than the width of

the central portion of the lamina, minutely and closely pubescent.

Pedicels slender, glandular, 15 mm. long, longer than the calyx,

longer than, mostly twice exceeding, the bracts. Calyx-tube

glandular with short-stalked glands, equaled by the dentate

calyx-lobes. Corolla 35 mm. long, yellow. Capsule 10-12 mm.
long, elliptic-ovoid, minutely glandular, surpassing the calyx-lobes.

Type, Atco, Camden Co., New Jersey, Sept. 7. 19". f- w-

Pennell 3545 in Herb. University of Pennsylvania.

Flowers, mid-August to mid-September. Fruit, October, per-

sisting through the winter.

Distribution: Dry sandy pine and oak woods, frequent in the

pine barrens of New Jersey, where it mostly replaces the species.

Plants and specimens examined:

New Jersey: East Plains; Bamber; Woodmansie; Taunton; Atco

(3545, 3627) ; Middletown, Cape May Co.

7. Aureolaria pedicularia carolinensis Pennell, subsp. nov.

Annual. Stem 10 dm. tall, widely branching, minutely

glandular-pubescent. Leaves sessile, ovate-lanceolate, 2-3 cm.

long, pinnatifid-lobed, segments somewhat crenate, shorter than

the width of the central portion of the lamina, minutely glandular-

pubescent. Pedicels slender, glandular, 10-20 mm. long, longer

than the calyx. Calyx-tube glandular with short-stalked glands,

mostly exceeded by the incised-dentate calyx-lobes. Corolla

35 mm. long, yellow. Capsule 12 mm. long, elliptic-ovoid, minutely

glandular, equaling or barely surpassing the calyx-lobes.

Type savannahs near Mill Pond, Wilmington, North Carolina,

June 23, 1909, /. M. Macfarlane in Herb. University of Pennsyl-

Flowers, June to September. Fruit, October.

Distribution: Dry sandy pine and oak woods, pine barrens of

southeastern North Carolina/where it probably replaces the species.

Plants and specimen examined:

North Carolina: Wilmington (49*5) (J- M. Macfarlane in 1909;

in 1911); "Southeastern North Carolina," W. W. Ashe.
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8. Aureolaria pectinata (Nutt.) Pennell, comb. nov.

Gerardia pedicularia pectinata Nutt. Gen. Plant. N. Am. 2: 48.

1818. "HAB. In the sandy pine forests of Carolina and

Georgia." No type in Herb. Acad. Nat. Sci. Philadelphia.

Gerardia pectinata (Nutt.) Benth. in Hook. Comp. Bot. Mag. 1:

206. 1835-6.

Panctenis pectinata (Nutt.) Raf. New Fl. Am. 2: 61. 1837.

Dasystoma pectinata (Nutt.) Benth. in DC. Prodr. 10: 52. 1846.

Very variable, as here understood, including a number of

Flowers, July to September. Fruit, September to October.

Distribution: Dry sandy pineland, especially hilly, in the

coastal plain, South Carolina, through southern Georgia, pine

hills of northwest Florida, to Alabama and Mississippi, locally

frequent extending above the fall line. In some of its forms occur-

ring throughout the Gulf and Lower Mississippi Valley states.

Plants and specimens examined:

South Carolina: Eutawville; Santee Canal; Monks Corner; Cooper
River; Beaufort.

Georgia: Augusta; Thomson; Americus.

Florida: De Funiak Springs.

Alabama: Florala {4625); Flomaton; Prattville; Tensaw; Deer
Park; Mobile; Spring Hill {4532).

Mississippi: Meridian; Jackson.

9. Aureolaria pectinata floridana Pennell, subsp. nov.

Annual. Stem about 10 dm. tall, much branched, glandular-
villose. Branches virgate, ascending. Leaves sessile, ovate,
those of the stem less than 2 cm. long, pinnatifid, segments pec-
tinately toothed, glandular-villose ; at least the upper leaves
ascending or appressed to the stem or branches, the uppermost
much reduced. Pedicels stout, 5 mm. long or less, shorter than
the calyx, glandular-villose. Calyx-tube glandular-villose, much
exceeded by the lanceolate, pectinate teeth. Corolla 40-45
(-50) mm. long, yellow, no purple markings within tube (in

type specimens). Capsule 12-14 mm. long, broadly ovoid,
glandular-pubescent, shorter than the calyx.

Type, Fort Gadsden, Franklin Co., Florida, Sept. 20, 1912,

F, W. Pennell 4683, in Herb. University of Pennsylvania.
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This may be Gerardia pedicularia pectinata Nutt., as the men-
tion of short pedicels and very large flowers would suggest, but
asfioridana does not occur in South Carolina, though probably in

the flat pine woods of southeastern Georgia, I retain the name for

the prevalent species of the district cited. I have seen no old

collections of floridana from Georgia.

Flowers, May to mid-October. Fruit, June to October.

Distribution: Dry sandy pineland. Flat pine woods of

Florida and southern Georgia, south to Polk Co., Florida; re-

placing the species.

Plants and specimens examined:

Georgia: Thomasville {4724).

Florida: Jacksonville; Pablo; St. Augustine; Eustis; Orange City;

Lake Brantley; Polk Co.; Tampa; Marion Co.; Tallahassee;

Fort Gadsden (4683) ; Apalachicola.

AGALINIS Raf. New Fl. Am.

11 a running rootstock, glabrous tl

Capsule globose, 5-6 m

Annuals, fibrous rooted, in

leaf scabroui

membranous, purple

two yellow lines

Corolla with lobes

Seeds dark
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minutely awned at ase. Plants

uniformly

branched. Pedicels

Corolla purple or pi

darker spots

present. Plants

drying.

Stem smooth or min utely scabrel-

slightly or n 5t developed.

leaves.

Corolla 20-35

pie.

Corolla 25 35 mm. long,

filiform. Calyx-
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drying. Stem

r developed.
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abundantly developed. Pedicels

mm. long. Corolla 25-30 mm. lo

Stem glabrous, or essentially so. A

1-leaves alternate, 1

Pedicels 10-35 mm.

Pedicels less than
;

form. Flowers



Pennell: Studies in the Agalixanae

Pedicels less than io mm.

branched, tr

branches wide]

.cute, 0.5 mm. long. Corolla

5-20 mm. long. Stem terete,

;rooved, not angular. 15. A. oligophylla.

basal oval-ovate, spreading,

ig, many flowers appearing to

axillary branches. Calyx-

cent at base. 16. A. aphylla.

Seeds yellowish brown. Plants light green, not darken-

ing in drying. Corolla pink. Flowers on

ginate, 2 yellow li



3 Pennell: Studies in the Agalinanae

Corolla 12-16 mm. long, lobes rounded to

slightly developed or suppressed. Pedicels

stouter. Leaves linear, widening upward,

and style, glabrous within at base of upper lobes.

Seeds dark brown. [Tenuifoliae.]

Corolla pubescent without, 2 upper lobes two-thirds

length of lower 3, minutely ciliate, concave-arched.

Pedicels, if exceeding the bracts, less than twice their

length. Corolla 10-18 mm. long, purple. Leaves

length of lower 3, conspicuously ciliate, flattened.

Pedicels at least three times the length of the

(Nutt.) Britton in Britt. & Br., 111. FL

ed. 2. 3: 209. 1913

Gerardia linifolia Nutt. Gen. PI. N.Am. 2:47. 1818. "HAB.

From Wilmington, North Carolina to Florida." Type, labeled

"Carolina," seen in Herb. Acad. Nat. Sci. Philadelphia.

Agalinis perennis Raf. New Fl. Am. 2: 63. 1837. "My speci-

men is from Florida."

Flowers, mid-August to October. Fruit, September to

November.

Distribution: Wet pineland, and especially margins of

ponds, in the coastal plain. Ellendale, Delaware; from Wilming-

ton, North Carolina to southern Florida and near the Gulf coast

to Louisiana. Most abundant in flat pine woods of southern

Georgia and Florida, less frequent in the west Florida pine hills

and in the Altamaha grit region of Georgia, occasional north of

the Savannah River or west of Florida. Restricted to the coastal
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Plants and specimens examined:

Delaware: Ellendale.

North Carolina : Wilmington ; Brunswick Co.

South Carolina: Hartsville; Santee Canal; Eutawville.

Georgia: Everett; Brunswick (4823); Waycross {4790); Naylor

(4745) ; Thomasville {4729) ; Sumter Co. ; Columbus.

Florida: Tisomia (4813); Baldwin; Jacksonville (4794); St.

Nicholas; San Pablo (4807); Cutler; Homestead; Camp Long-

view; Fort Myers; St. Petersburg; St. Marks (4714); Quincy;

Fort Gadsden (4690); Apalachicola ; Chipley (4648, 4666);

Ponce de Leon {4654); Paxton (4600).

Alabama: Elmore.

Mississippi: Biloxi.

Louisiana: Hammond.

2. Agalinis maritima Raf. in Med. Repos. New York. Ilnd.

hex. 5: 361. 1808 (as Gerardia); New Fl. Am. 2: 62. 1837

Gerardia maritima Raf. "Found in the islands of Egg-Harbour,

in New Jersey." No type known to exist.

Gerardia purpurea crassifolia Pursh Fl. Am. Sept. 2: 422. 18 14.

"In salt marshes, near New York."

Gerardia maritima gmndiflora Benth. in Hook. Comp. Bot. Mag.

1:208. 1835-6. "Texas, Drummond, 1st Coll."

Gerardia spiciflora Engelm. Bost. Jour. Nat. Hist. 5: 227. 1845.

New name for Gerardia maritima grandifiora Benth.

Gerardia maritima major Chapm. Fl. So. U. S. 300. i860.

"Brackish marshes, Apalachicola, Florida." There are several

collections of Chapman's of this species, but none, indicated

as type, has been seen.

Flowers, April (on the Gulf coast) to mid-September. Fruit,

August to September.

Distribution: Salt marshes, along the Atlantic and Gulf

coasts from New Jersey to Louisiana, locally frequent. Extending

to Maine northward, in the south to Texas, Yucatan, Cuba and
the Bahamas. Along the Gulf coast and Atlantic coast in Florida

a much branched plant, reaching 6 dm. tall, leaves and calyx-

lobes more liable to be acutish, pedicels mostly exceeding the

bracts, corolla reaching 20 mm. long, and anther-sacs lanose-



422 Pennell: Studies in the Agalinanae

pubescent, northward becoming progressively smaller and simpler,.

till a plant of but 0.5-1.0 dm. tall in Maine, leaves and calyx-

lobes constantly obtuse, pedicels shorter than the bracts, corolla

scarcely 15 mm. long, and anther-sacs nearly glabrous.

Plants and specimens examined:

New Jersey : Keasbey ; Long Beach ; Forked River ; Barnegat Pier

;

Beach Haven; Atlantic City; Ventnor; Mays Landing; Ocean

City; Palermo; Sea Isle; Peermont; Cape May Court House

(2604); Holly Beach; Five-mile Beach; Cold Spring {2157);

Cape May.

Delaware:— , Bernhardt.

Maryland : Ocean City.

Virginia: Parksley; Walnut Point.

North Carolina: Ocracoke Island; Beaufort.

Florida: Titusville; Eau Gallie; Marco; Sanibel; Pine Island;

Tampa; Long Key, Pinellas Co.; Hernando Co.; St. Marks

(4702); Apalachicola.

Alabama: Mobile Co.

Mississippi: Ship Island.

Louisiana: Breton Island.

3. Agalinis purpurea (L.) Pennell, Bull. Torrey Club 40 :

126. 1913

Gerardia purpurea L. Sp. PI. 610. 1753. "Habitat in Virginia,

Anonymos purpurea (L.) Walt. Fl. Carol. 170. 1788.

Gerardia purpurea grandifiora Benth. in Hook. Comp. Bot. Mag.
1:208. 1835-6. "New Jersey."

Agalinis palustris Raf. New Fl. Am. 2: 62. 1837. "Near
marshes. . . . From New England to Carolina."

Agalinis longifolia Raf. New Fl. Am. 2: 62. 1836. "Near
streams New Jersey to Virginia."

(?) Agalinis corymbosa Raf. New Fl. Am. 2: 63. 1837. "Caro-

lina and Florida."

Flowers, mid-July to mid-October. Fruit, late-September to

October.

Distribution : Moist sandy soil, nearly throughout the coastal
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plain. Abundant from New Jersey to South Carolina, in New-

Jersey in the middle district and coastal strip, absent from the

New Jersey, probably also from the Wilmington, N. C, pine

barrens; southward abundant near the coast in Georgia, extending

to the Florida Keys, of occasional occurrence in the Altamaha

grit region of Georgia, more common inland. Westward occa-

sional, especially near the Gulf coast, and probably frequent north

of the pine belts. A characteristic plant of coastal regions, edges

of salt marshes. Widely distributed in the eastern United States,

most abundant in the coastal plain.

Plants and specimens examined:

New Jersey: Keasbey; South River; Spotswood; Keyport; Farm-

ingdale; New Egypt; Burlington; Delair; Griffith's Swamp;

Kirkwood; South Westville; Clarksboro; Mickleton; Swedes-

boro; Deal; Belmar; Chadwick; Toms River; Seaside Park;

Forked River; Waretown; Barnegat Pier; Cox's; Manahawken;

Absecon; Atlantic City; Ventnor; Ocean City; Ocean City

Junction; Avalon (4004); Wildwood; Middletown; Cape May
Court House (2602, 2603); Bennett; Cape May.

Pennsylvania: Tinicum (359$)

Delaware: Porter; Ellendale; Rehoboth.

Maryland: Kent Island; Abbey's Island; Laurel; Lanham; Buena

Vista (2640); College Park; Hyattsville; Bladensburg.

District of Columbia: Anacostia; Terra Cotta {2678, 2679)',

Holmead Swamp; District Line (2639); Washington.

Virginia: Alexander Island (2671); Arlington (2672); Alexandria;

Four-mile Run; Seven Pines (4946); Smith's Island; Norfolk;

Virginia Beach; Munden.
North Carolina: Weldon (4948); Rocky Mount (4932); Wilming-

ton (4914, 4927) ; Southport.

South Carolina: Ebenezer; Santee Canal; Monks Corner (4876);

Otranto (4869); Charleston; Yemassee (4850, 4^54) ; Bluffton

;

Aiken.

Georgia: Thomson; Thalmann (4811); Waycross (4784) I
Fitz-

gerald; Naylor (4746, 4753); Thomasville {4735A); Cordele

{4769) \ De Soto (475S); Leslie (4767)

Florida: Jacksonville (4799); San Pablo (4806); Miami; Black
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Point; Homestead; Camp Longview; Long Prairie; Bull Key;

Cape Florida; Fort Myers; Lakeland; St. Petersburg; Lake

City; St. Marks {47°3)\ Apalachicola.

Alabama: Mobile.

Mississippi: Ora; Long Beach; Pass Christian (4357)-

4. Agalinis virgata Raf. New Fl. Am. 2: 62. 1837

A galinis virgata Raf. '
' Glades of Pine woods in South New Jersey

near Mullica Hill, &c." No type known to exist.

Gerardia racemulosa Pennell Torreya 11: 15. 1911. "Type.

—

Parkdale, Camden Co., N. J., F. W. Pennell 2692 Coll. Sept.

27, 1910, in Herb. Acad. Nat. Sci. of Phila."

Flowers, September to mid-October. Fruit, mid-September to

October.

Distribution : In the coastal plain, New Jersey, and North

and South Carolina. In New Jersey restricted to the pine barrens

where frequent; frequent or common in the Wilmington pine

barrens; frequent or occasional in pineland in South Carolina.

Replaces A. purpurea in typical pine barrens. Restricted to

the coastal plain.

Plants and specimens examined:

New Jersey: Hornerstown; Forked River; Pasadena; Atsion;

Hammonton; Egg Harbor City; Parkdale (2692, 2694, 3584*

3626,3808); Winslow Junction (in 1908).

North Carolina: Newbern; Wilmington (4902, 4921).

South Carolina: Monks Corner {4877); Eutawville; Charleston.

5. Agalinis pinetorum Pennell, sp. nov.

Annual. Plant 6-8 dm. tall, much branched, branches ascend-

ing, long and slender. Stem slightly angular, glabrous or nearly

so. Leaves opposite, stiffly spreading, narrowly linear, thickened,

very scabrous on the upper surface, those of the stem 2-2.5 cm.

long. Axillary fascicles scarcely or not developed. Racemes of

8-14 mostly opposite flowers. Pedicels very short, in flower 2

mm. long or less, hardly longer in fruit. Calyx-lobes triangular-

subulate, 1-1.5 mm. long. Corolla 20-25 mm - long, pubescent

without, pubescent within at base of upper lobes, rose-purple, 2

yellow lines and purple spots within throat below; lobes all spread-



Pennell: Studies in the Agalinanae 425

ing, rounded to emarginate, ciliate. Filaments lanose; anther-
sacs oblong, lanose, minutely mucronate-awned at base, 2 mm.
long. Style filiform 6-10 mm. long. Capsule globose, 5 mm.
long. Seeds not seen.

Type, St. Marks, Wakulla Co., Florida, Sept. 26, 1912, F. W.
Pennell 4708, in Herb. University of Pennsylvania.

Flowers, late-September to October.

Distribution: Moist soil, in pineland, southern Georgia and

northern Florida. Probably common in Altamaha grit region,

frequent through fiat pine woods of northern Florida, west to the

Apalachicola River. Restricted to the coastal plain.

Plants and specimens examined:

Georgia: Waycross {4781, 47Qi)\ Douglas (4775); Naylor (4750);

Thomasville (4734, 4738); Cordele (4770, 477^ 4773)-

Florida: Jacksonville (4795); St. Marks (4708); Fort Gadsden

(4688); Apalachicola.

6. Agalinis delicatula Pennell, sp. nov.

Annual. Plant 6-8 dm. tall, branched, branches long and very

slender. Stem angular, glabrous. Leaves opposite, spreading,

almost filiform, scabrous on the upper surface, those of the stem
1-2 cm. long. Axillary fascicles scarcely developed. Racemes
of 8-12 mostly opposite flowers. Pedicels very short, in flower 2

mm. long or less. Calyx-lobes subulate, 1.5-2 mm. long. Corolla

20 mm. long, sparingly pubescent without, pubescent within at

base of upper lobes, rose-purple, 2 yellow lines but (in this collec-

tion) no purple spots within throat below, lobes all spreading,

rounded to emarginate, minutely ciliate. Filaments lanose;

anther-sacs oblong, lanose, mucronate-awned at base, 1.5 mm.
long. Style filiform. Fruit not seen.

Type, Ponce de Leon, Holmes Co., Florida, Sept. 17, 191 2,

F. W. Pennell 4661 in Herb. University of Pennsylvania.

Nearest to A. pinetorum of which this may possibly prove a

form, but the plants seen appeared strikingly distinct, and

occurred in a different region, west of the known range of that

Flowers, mid-September to October.

Distribution: Most sandy pineland, western Florida.

Possibly frequent in the west Florida pine hills. Restricted to

the coastal plain. Type only seen.
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7. Agalinis Harperi Pennell in Small, Flora of Miami, 167.

1913

Agalinis Harperi Pennell. " Type.—St. Marks, Wakulla County,

Florida. F. W. Pennell, 4707 coll. September 25, 1912" in

Herb. University of Pennsylvania.

Annual. Plant 4-8 dm. tall, relatively sparingly branched.

Stem slightly angular, glabrous or nearly so. Leaves opposite,

rather stiffly spreading, narrowly linear, scabrous on the upper

surface, those of the stem 2-3.5 cm - l°ng- Axillary fascicles

scarcely or not developed. Racemes of 8-20 mostly opposite

flowers. Pedicels very short, in flower less than 2 mm. long,

hardly longer in fruit. Calyx-lobes triangular-lanceolate to tri-

angular-subulate, 1 mm. long or less. Corolla 15-18 mm. long,

pubescent without, pubescent at base of upper lobes within, pink-

purple, 2 yellow lines within throat below, small purple spots

mostly along these; lobes all spreading, rounded to truncate,

ciliate. Filaments lanose; anther-sacs oblong, lanose, acute at

base, 1.5 mm. long. Capsule 4-5 mm. long. Seeds reticulated

with dark brown ridges, areas between these relatively dark, with

Flowers, mid-September to mid-October. Fruit, October.

Distribution: Moist sandy pineland, borders of salt marsh,

etc. Flat pine woods' of southern Georgia, south through the

Florida peninsula. Apparently most frequent in the Everglades.

Restricted to the coastal plain.

Plants and specimens examined:

Georgia: Thalmann (4810); Thomasville {4726).

Florida: Camp Longview; St. Marks {4701, 4707, 4711)-

8. Agalinis fasciculata (Ell.) Raf. New Fl. Am. 2: 63. 1837

Gerardia fasciculata Ell. Sketch 2: 115. 1824. "Grows prin-

cipally in lands subject to occasional inundation from the

ocean—on Eding's Island near Beaufort very common."

Type seen in the Elliott Herbarium at the Charleston Museum.

Gerardia purpurea fasciculata (Ell.) Chapm. Fl. So. U. S. 300.

i860.

Flowers, August to October. Fruit, September to October.

Distribution: Moist to dry sandy, loam, or clay soil; depres-

sions among sand-dunes of beach, edges of salt marsh, or loam soil
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in limestone districts, etc. ; especially in old fields, almost the only

Agalinis to be met with in cultivated soil. In the coastal plain,

Norfolk Co., Virginia (where perhaps introduced) ; South Carolina

to Louisiana, mostly near the coast. Common near the coast in

South Carolina and Georgia, and apparently through most of the

Florida peninsula. Apparently absent or rare in Altamaha grit

region, west Florida pine hills, or inland from the coast in Ala-

bama. In clay soil in Georgia north of the Altamaha grit. Near

the coast westward to Louisiana. Abundant in alluvial districts

near the lower Mississippi River, and in the hill country of West

Feliciana Parish. Extending westward to Texas, and north

through the lower Mississippi Valley. Casually introduced on

ballast at Philadelphia.

Plants and specimens examined:

Virginia: Northwest.

South Carolina: Santee Canal; St. Johns; Otranto (4868); Sulli-

van's Island {4860); Charleston (4863); Edisto Island; Aiken;

Yemassee (4849); Beaufort; Hilton Head; Bluffton; Goat

Island.

Georgia: Brunswick (4818); Cumberland Island; Waycross

(4792); Naylor {4747, 4751); Valdosta (4740); Thomasville

(4735); Cordele (4733, 4772); Leslie (4761, 4766).

Florida: Jacksonville {4793); St. Augustine; Orange City; Eustis;

Minneola ; Clarcona ; Killarney ; Merritt's Island ; Fort Lauder-

dale; Miami, Alapattah; Cocoanut Grove; Homestead;

Biscayne Bay; Big Pine Key; Sanibel; Polk Co.; Tampa; St.

Petersburg; Fort King; Gainesville; Lake City; Monticello

(4718); St. Marks (4706, 4717); Tallahassee {4695, 4^97);

River Junction (4669); Apalachicola (4675, 4680).

Alabama: Mobile; Cedar Point.

Mississippi: Ocean Springs; Biloxi (437°) '<
Pass Christian (4356)t

Natchez.

Louisiana: Mandeville; Covington; Amite City; Hammond;

Slaughter (4267); Baines (4276); Catalpa (4303, 4304, 433o).

9- Agalinis georgiana (C. L. Boynton) Pennell, comb. nov.

Gerardia georgiana C. L. Boynton in Biltm. Bot. Stud. 1: 148.

1902. "In the pine barrens near Cordele, Dooly County,
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Georgia, in September, 1901. ... in moist sandy soil in pine

barrens. . . . The type specimens are deposited in the Bilt-

more Herbarium." Type, collected Sept. 18, 1901, seen in

the Biltmore Herbarium.

Flowers, mid- to late-September. Fruit, late-September to

October.

Distribution: Dry sandy or clay soil, in pineland. Southern

Georgia, southern Alabama, and northern Florida. Apparently

occasional in flat pine woods of southern Georgia and northern

Florida; near Cordele, Georgia; frequent in pine hills of western

Florida and southeastern Alabama. Restricted to the coastal

Plants and specimens examined:

Georgia: Valdosta (4739); Thomasville (4728); Dooly Co.

Florida: Fort Gadsden (4693); Chipley {4665); Ponce de Leon

(4662); Milligan (4586).

Alabama : McRae (4609) ; Florala (4629, 4632)

.

10. Agalinis pulchella Pennell, sp. nov.

Annual. Plant 6-10 dm. tall, widely branching. Stem
angular, scabrous. Leaves spreading, linear, scabrous on the

upper surface, those of the stem opposite, 2-3 cm. long. Axillary

fascicles conspicuously developed, but mostly shorter than the

leaves. Racemes of 4-6 mostly alternate flowers, uppermost one,

by arresting of stem-apex, often suggesting a terminal flower.

Pedicels slender, in flower 15-30 mm., in fruit 25-40 mm. long,

much longer than the bracts. Calyx-lobes minute, less than .5

mm. long, subulate. Corolla 25-30 mm. long, minutely pubescent

without, pubescent within at base of upper lobes, rose-purple, 2

yellow lines and relatively large purple spots within throat below;

lobes all spreading (upper much reflexed), notched at apex, ciliate.

Filaments lanose; anther-sacs ovate, evidently short-awned,

densely wooly over entire surface, 3 mm. long. Style slender,

10-20 mm. long. Capsule globose, 5-6 mm. long. Seeds reticu-

lated, with dark-brown ridges, areas between these more or less

broadly hexagonal, pale, not finely reticulated.

Type, Ponce de Leon, Holmes Co., Florida, Sept. 17, I9I2 »

F. W. Pennell 4658, in Herb. University of Pennsylvania.

Flowers, September. Fruit, October.
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Distribution: Dry open, sandy pineland, southern Georgia,

and northern Florida, westward to Louisiana. Frequent in the

Altamaha grit region of Georgia, the flat pine woods southward to

the Gulf coast in northern Florida, through the pine hills of

western Florida and southeastern Alabama, and in Mobile Co.,

Alabama. Restricted to the coastal plain.

Plants and specimens examined:

Georgia: Waycross (4779) \ Douglas (4776) ;
Moultrie; Thomas-

ville (4731); Cordele.

Florida: Gadsden Co.; Fort Gadsden {4692)-, Chipley (4650,

4663); Ponce de Leon (4658)', Milligan (4587)-

Alabama: McRae (4642); Theodore (4427, 4452, 4454, 4455,

4493,4515).

1 1 . Agalinis filifolia (Nutt.) Raf. New Fl. Am. 2
: 65. 1837

Gerardia filifolia Nutt. Gen. PI. N. Am. 2: 48. 1818. "HAB.

In West Florida. Dr. Baldwyn." No type in Herb. Acad.

Nat. Sci. Philadelphia.

Flowers, September to early-October. Fruit, October.

Distribution: Rather dry, sandy pineland, southern Georgia

and Florida. Frequent or common in flat pine woods of southern

Georgia and northern Florida, south through the Florida peninsula,

to Miami, west to Apalachicola, and along the coast to Santa

Rosa Island, possibly reaching extreme southern Alabama.

Plant from Santa Rosa Island, remarkably fleshy, possibly in

Plants and specimens examined:

Georgia: Sunbury; Brunswick (4821, 4828); Waycross (4785)*

Naylor (4752); Valdosta (4741) •

Florida: Jacksonville (4800) ; South Jacksonville; St. Nicholas;

San Pablo (4803); Mayport; Pablo Beach; St. Augustine;

Clarcona; Tillman; Miami; Manatee; Fort Gadsden {4694)1

Apalachicola (4671, 4<>73)\ St. Vincent; Santa Rosa Island.

Alabama: , Gates (probably really from Florida.)

12. Agalinis Holmiana (Greene) Pennell, comb. nov.

Gerardia Holmiana Greene, Pittonia 4: 52. 1899. " Plentiful in

open pine and oak groves along Michigan Avenue south of



430 Pennell: Studies in the Agalinanae

the Soldiers' Home grounds near Brookland, D. C, collected

by Mr. Holm and the writer, 20 Oct., 1898." No specimen of

this date seen, but one in Herb. N. Y. Bot. Gard., of Dr.

Greene's collecting, from Brookland, D. C., dated Oct. 16,

1898, may stand as the type.

Flowers, late-August to mid-October. Fruit, mid-September

to October.

Distribution: Dry sandy pineland. Long Island to Florida

and Alabama; irregularly distributed. Common in the pine

barrens of New Jersey, sparingly in the middle district of the same

state; common on the Potomac formation between Baltimore and

Washington ; common in Wilmington pine barrens of southeastern

North Carolina, and probably so near the coast to Charleston,

South Carolina; inland probably in the fall line sand hills through

South Carolina and Georgia, apparently into Alabama; at Tampa,

Florida. Rather narrower-leaved and more setaceous in true

pine barrens. Restricted to the coastal plain.

Plants and specimens examined:

New Jersey: South River; Spotswood; Freehold; Tomlin; Frank-

linville; Pasadena; Woodmansie; Jackson; Atcp {3544, 362S)'>

Malaga; Egg Harbor City; Absecon.

Maryland: Glen Burnie; Riverdale; Lanham; Cherry Grove

(2644); Sligo Mill Road (2657); Oxon Hill.

District of Columbia: Takoma {2655); Lamond {2656) ;
Terra

Cotta (2680) ; Brookland (2662, 2669) ; Washington.

JNbrth Carolina: Newbern; Wilmington {4904, 4923, 4929)',

Fayetteville.

South Carolina: Columbia; Charleston (4864); Aiken.

Georgia: Augusta; Burke Co.; Butler.

Florida: Tampa.

Alabama: , Meisner(7).

13. Agalinis setacea (Walt.) Raf. New Fl. Am. 2: 64. 1837

Anonymos setacea Walt. Fl. Carol. 170. 1788. No type locality

given, presumably should be from South Carolina, but appar-

ently from farther west. Type in the British Museum iden-

tified by Dr. A. B. Rendle as agreeing with my number 4757-
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Gerardia setacea (Walt.) J. F. Gmel. curante L. Syst. Nat. ed.

13. 927- 1791-

Gerardia Plukenetii Ell. Sketch 2: 114. 1824. "Grows in wet

spungy soils, very common between the Oakmulgee and Chata-

houchie Rivers." Type seen in the Elliott Herbarium at the

Charleston Museum. Statement of habitat probably due to

confusion with Agalinis pinetorum Pennell.

Agalinis Plukenetii (Ell.) Raf. New Fl. Am. 2: 63. 1837.

Agalinis setacea (Walt.) Raf. As to synonymy, not description,

the latter probably applying to A. erecta (Walt.) Pennell.

Gerardia filifolia Gatesii Benth. in DC. Prodr. 10: 518. 1846.

"In Alabama (Gates!)." Type in the Kew Herbarium,

identified, from fragment sent me, as this species.

Flowers, mid-September to October. Fruit, not seen, probably

late-October to November.

Distribution: Dry open sandy pineland. In the coastal

plain from western Georgia and northern Florida to eastern

Mississippi. Frequent from Sumter County, Georgia, westward

through the pine hills of western Florida and southern Alabama

to southeastern Mississippi, abundant toward the coast. One

record from the Florida Keys,—Pine Key, Blodgett—likely due to

mixing of labels. Occasional above the fall line in northern Ala-

bama and northern Georgia.

Plants and specimens examined:

Georgia: Cobb {4757)', Cuthbert.

Florida: Apalachicola (4672); Milligan {4583, 4584); Milton

U569,457o).

Alabama: Auburn; Weight's Mill; Tuskegee; Clayton; Florala

(4623); Bay Minette (4561); Mobile; Spring Hill {4524) '>

Crichton (4523) ; Theodore {4426, 4457, 44^1, 45*7)-

Mississippi: Meridian; Biloxi (4382).

14. Agalinis Iaxa Pennell, sp. nov.

Annual. Plant 6-10 dm. tall, widely and very laxly branched.

Stem nearly terete below, slightly angled above, glabrous. Leaves

spreading, opposite nearly throughout, narrowly linear to nearly

filiform, nearly glabrous, those of the stem 2-3 cm. long. Axillary

fascicles scarcely or not developed. Racemes of 3-8 mostly
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opposite flowers. Pedicels in flower 15-30 mm., in fruit 25-50

mm. long, 4-5 times exceeding the bracts. Calyx-lobes minute,

less than 0.5 mm. long, acute. Corolla 15-18 mm. long, minutely

pubescent without, pubescent with pink hairs within at base of

upper lobes, pink-purple, 2 yellow lines, and small purple spots

especially along these, within throat; lobes all spreading, rounded,

ciliate with pink hairs. Filaments sparingly lanose, upper shorter

pair nearly glabrous; anther-sacs ovate, mucronate at base, pale,

lanose, 1.5 mm. long. Style 4-5 mm. long. Capsule globose-

ovoid, 4-5 mm. long. Seeds nearly black, small for the genus,

with relatively heavy longitudinal and connecting ridges.

Type, Brunswick, Glynn Co., Georgia, Oct. 10, 1912, F. W.

Pennell 4824, in Herb. University of Pennsylvania.

Flowers, late-September to October. Fruit, late-October.

Distribution: Dry sandy pineland, river sand hills and old

dunes, near the coast, South Carolina to Florida. Frequent from

Brunswick, Georgia to Jacksonville, Florida; no specimens seen

from farther south on Atlantic Coast. One specimen from Her-

nando County, Florida. Probably frequent on river sand hills in

lower Georgia and northeastern Florida. Restricted to the coastal

plain.

Plants and specimens examined:

South Carolina: Monks Corner {4880).

Georgia: Brunswick (4824) ; Bonnyman {4778) ; Waycross (4783)-

Florida: Jacksonville; San Pablo {4805); Pablo Beach {480j)\

Hernando Co.

15. Agalinis oligophylla Pennell, nom. nov.

Gerardia Plukenetii microphylla A. Gray, Syn. Fl. N. Amer. II.

1: 293'. 1878. "Louisiana, Drummond, Hale. Keys of

Florida, Blodgett, &c." Louisiana material to be counted as

typical. I have not seen the type. For Florida citation see

under Agalinis setacea (Walt.) Raf.

Gerardia microphylla (A. Gray) Small, Fl. S. E. U. S. 1077-

1338. 1903; not Agalinis microphylla Raf. New Fl. Am. 2:

65. 1837.

Distribution: Probably moist pineland, southern Louisiana,

east of the Mississippi River at Jackson, East Feliciana Parish,

more frequent westward . One old specimen seen labeled ,
probably

incorrectly, as from Alabama. Restricted to the coastal plain.
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Specimens examined:

(?) Alabama: , /. Torrey.

Louisiana: Jackson.

16. Agalinis aphylla (Nutt.) Raf. New Fl. Am. 2: 65. 1837

Gerardia aphylla Nutt. Gen. Plant. N. Am. 2: 47. 1818.

"HAB. From North Carolina to Florida, where it was first

detected by Dr. Baldwyn." Type seen in Herb. Acad. Nat.

Sci. Philadelphia; accompanied by fruiting plant of Agalinis

erecta (Walt.) Pennell.

Gerardia aphylla grandiflora Benth.* in Hook. Comp. Bot Mag. ir

!74- 1835-6. "Jacksonville." Drummond.
Agalinis microphylla Raf. New Fl. Am. 2: 65. 1837. "In

Florida, collected by Leconte (Collins herb.)."

Flowers, mid-September to early November. Fruit, October

to November.

Distribution: Moist sandy pineland near the coast, North

Carolina to Florida and Louisiana. Occasional from the Wilming-

ton pine barrens southward, through North and South Carolina;

most abundant in the flat pine woods of southern Georgia and

northern Florida, frequent in the Altamaha grit region of Georgia;

the west Florida pine hills; less frequent westward to Louisiana.

Apparently does not occur in the Florida peninsula. Restricted

to the coastal plain.

Plants and specimens examined:

North Carolina: Wilmington.

South Carolina: Santee Canal.

Georgia: Thalmann (4808); Brunswick (4819); Waycross {47%9)\

Coffee Co.; Naylor (4748).

Florida: Tisonia (4814) ;
Jacksonville (479$) \ s°uth Jacksonville;

St. Marks (4712) ; Fort Gadsden (4682) ; Apalachicola (4676) ;

Chipley (4647, 4664) ; Point Washington ; Ponce de Leon {4655);

Milligan.

Ajabama: Mobile; Spring Hill.

* Dr. N. E. Brown has kindly consulted the Bentham correspondence at Kew,

»n Hooker's account of the Dlants of Drum::
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Mississippi: Ocean Springs; Biloxi; Pass Christian; Nicholson.

Louisiana: Abita Springs.

17. Agalinis decemloba (Greene) Pennell, comb. nov.

Gerardia decemloba Greene, Pittonia 4: 51. 1899. "Plant not

uncommon about Brookland, D. C., inhabiting grassy knolls

and hillsides bordering on pine woods." A specimen in Herb.

N. Y. Bot. Gard. collected by Dr. E. L. Greene at Brookland,

D. C., in Oct. 1898, may stand as the type.

Flowers, late-August to mid-September. Fruit, late-September

to October.

Distribution: Dry soil, light sand or clay, in the coastal

plain in Kent Co., Delaware, frequent on Potomac formation near

Washington, D. C, and probably occasional south to North

Carolina. Occasional inland in the Piedmont region from Penn-

sylvania to North Carolina. Apparently has a fragmentary

distribution, but not well understood.

Plants and specimens examined:

Delaware: Felton.

Maryland : Buena Vista (2641) ; Lanham ; Forest Glen ; Silver

Springs.

District of Columbia: Takoma Park {2654); Brookland {2660,

2661, 2677, 4950).

18. Agalinis tenella Pennell, sp. nov.

Annual. Plant 5-8 dm. tall, laxly branched, branches slender.

Stem angled, glabrous throughout. Leaves spreading, linear-

filiform to nearly filiform, acutish to acute, opposite nearly through-

out, those of the stem I-1.5 (-2) cm. long. Axillary fascicles

none. Racemes of 8-12 mostly opposite flowers. Pedicels

slender, in flower 8-20 mm. long, in fruit reaching 25 mm. long.

Calyx-tube reticulate-venulose ; lobes minute, apiculate. Corolla

15-20 mm. long, minutely pubescent without, pubescent with

pink hairs within at base of upper lobes, rose-pink, 2 yellow lines

and small diffused purple spots within throat; lobes all spreading,

more or less emarginate, ciliate. Filaments lanose especially

toward apex; anther-sacs lanceolate, mucronate at base, 2 mm.
long, villose with pink hairs 1.5 mm. long. Style slender, 5-8

mm. long. Capsule globose-ovoid, much flattened at base, 4 mm.
long. Seeds narrow, yellowish-brown.
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Type, Thomasville, Thomas Co., Georgia, Sept. 28, 1912, F. W.
Pennell 4727, in Herb. University of Pennsylvania.

Flowers, mid-September to mid-October. Fruit, October.

Distribution: Dry sandy pineland, in 'the coastal plain from

South Carolina to Florida and Alabama. Occasional in lower

South Carolina; most abundant in Altamaha grit region of

Georgia; less frequent in upper edge of flat pine woods of southern

Georgia entering north central Florida at Gadsden County, and

in middle Georgia entering east central Alabama at Lee County.

In the Altamaha grit region common, mostly replacing A. erecta

Restricted to the coastal plain.

Plants and specimens examined:

South Carolina: Otranto {4871); Eutawville; Yemassee (4853)-

Georgia : Waycross (4782, 4786) ; Naylor (4744) ; Douglas (4777) ;

Moultrie; Thomasville (4727); Cordele {4768, 4774) \ Cobb

{4756)\ Leslie (4764) .

Florida: Chattahoochie.

Alabama: Auburn.

19. Agalinis erecta (Walt.) Pennell, in Small, Fl. Florida Keys,

133- 1913

Anonymos erecta Walt. Fl. Carol. 170. 1788. No type locality

given, presumably from Berkeley County, South Carolina.

There is no type in the Walter collection in the British Museum.

Of the species occurring in Berkeley County, those which best

answer the description are Agalinis Holmiana (Greene) Pen-

nell, Agalinis laxa Pennell, and the following. Of these the

first two are long-pediceled, and very lax, the bracts in the

first are scarcely conspicuously shorter than the peduncles,

moreover both are relatively infrequent. The third species,

the following, in its strict erect habit, its pedicels not con-

spicuously long, but with bracts conspicuously shorter, seems

seems best to fit Walter's description; moreover, it appears to

be much the most abundant species of the district.

Gerardia erecta (Walt.) J. F. Gmel. curante Linn. Syst. Nat. ed. 13,

928. 1791.



436 Pexnell: Studies in the Agalinanae

Gerardia setacea parvifolia Benth.* in Hook. Comp. Bot. Mag. i:

174. 1835-6. "Jacksonville." Drummond.

Agalinis obtusifolia Raf. New Fl. Am. 2: 64. 1837. "West

Tennessee, Alabama and Florida." Description in greater

part or entirely of this species, though the Tennessee specimen

could hardly belong here.

Gerardia parvifolia (Benth.) Chapm. Fl. So. U. S. 300. i860.

Agalinis parvifolia (Benth.) Small in Britt. & Br. 111. Fl. ed. 2.

3: 212. 1913.

Flowers, early-September to mid-October. Fruit, October.

Distribution : Moist to dry sandy pinelands, in the coastal

plain from North Carolina to Florida and Louisiana. Occasional

or frequent in eastern North Carolina ; common in the Wilmington

pine barrens, and southward near the coast to Charleston, South

Carolina ; less frequent in the Altamaha grit region and inland in

Georgia; common through the flat pine woods of Florida, south

through the peninsula and on the Florida Keys; common westward

through the pine hills of west Florida, decreasing inland in south-

eastern Alabama; and common near the Gulf coast westward to

eastern Louisiana. Restricted to the coastal plain.

Plants and specimens examined:

North Carolina: Rocky Mount (4933); Wilmington (4910, 49*5 >

4926) ; Brunswick Co.

South Carolina: Monks Corner {4879); Otranto {4870).

Georgia: Sunbury; Coffee Co.; Moultrie; Thomasville (4733) !

Leslie.

Florida: Tisonia {4815); Jacksonville {4797); San Pablo (4804);

Green Cove Springs; St. Augustine; Big Pine Key; Marco;

Fort Myers; Polk Co.; Tampa; Lake City; St. Marks (47I0) »

Fort Gadsden (4685); Apalachicola ; Chipley (4646, 4667);

Ponce de Leon (4659); Paxton (4640); De Funiak Springs;

Milligan (4596).

Alabama: McRae (4614); Florala (4634); Bay Minette (454^,

4562); Mobile; Spring Hill (4526); Theodore (4428, 4453)

>

Hollander's Island (4503).

Mississippi: Waynesboro; Ocean Springs; Biloxi (4399); Manuel;

Gulfport; Long Beach; Pass Christian (4363); Nicholson.
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Louisiana: Pearl River; Bayou Lacombe; Abita Springs (4226,

4227,4231).

20. Agalinis tenuifolia (Vahl.) Raf. New Fl. Am. 2: 64.

1837

Gerardia tenuifolia Vahl, Symb. Bot. 3: 79- 1794- "Habitat in

America septentrionali." Type in Herb. Universitetets botan-

iske Museum, Copenhagen, Denmark, collected by Von

Rohren, and said to be probably from Philadelphia, is iden-

tified by Dr. C. H. Ostenfeld as agreeing with material (my

number 2681) sent from eastern Pennsylvania.

Flowers, mid-August to mid-October.

Distribution: Moist to dry sand or loam, deciduous or mixed

woodland, widely distributed and common through the eastern

United States above the fall line, in the coastal plain locally

frequent, especially in limestone districts. In New Jersey occa-

sional in the middle and Cape May districts, occasional south-

ward near the fall line; in Sumter County, Georgia; frequent

in red loam soil in central northern Florida; in limestone in south-

eastern Alabama and western Florida; and in alluvial soil in

southern Alabama and Louisiana. A larger plant southward.

Plants and specimens examined:

New Jersey: New Egypt; Camden; Clarksboro; Swedesboro ;«*

Bennett ; Cold Spring.

Delaware: Van Dyke.

Maryland: Ardwick {2645); Oxon Hill. ,

District of Columbia: Brookland {2658).

Georgia: De Soto {4759) >
Leslie.

Florida: Monticello (4721)', Tallahassee (4699); Chattahoochie;

River Junction {4670); Aspalaga; Paxton (4601).

Alabama: Chapel Hill, Covington Co. (4619); Fl<>rala (4597,

4606); Cocoa; Mobile; Crichton (4522).

Mississippi: Meridian; Jackson.

Louisiana: Mandeville(?) ; Catalpa.

21. Agalinis divaricata (Chapm.) Pennell, comb. nov.

Gerardia divaricata Chapm. Fl. So. U. S. 299. Mar. 26, i860.

"Low sandy pine barrens." No type indicated, but abundant
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material of this species collected and distributed by the

describer.

Gerardia Mettaueri Wood, Class Book 530, Dec. 1, i860. "Wet
sandy places, Middle Fla. (Dr. Mettauer)." Type seen in

Herb. Columbia University.

Gerardia Mettaueri clausa Wood, Class Book 530, Dec. I, i860.

"With the others," i. e. the species and G. Mettaueri nuda
Chapm.

Flowers, September to October. Fruit not seen.

Distribution: Dry sandy pineland, western Florida and
adjacent southeastern Alabama. Abundant through the west
Florida pine hills, eastward through the middle Florida flat woods
to Apalachee Bay. Restricted to the coastal plain.

Plants and specimens examined:

Florida: St. Marks (4716); near Tallahassee; Gadsden Co.;

Carrabelle; Fort Gadsden (4684, 4687); Apalachicola {4679);
Chipley (4644, 4668); Ponce de Leon {4657); Portland;
Milligan {4593); Milton {4572).

Alabama: Florala (4622, 4624, 4627, 4633).

22. Agalinis filicaulis (Benth.) Pennell, comb. nov.

Gerardia aphylla filicaulis Benth.* in Hook. Comp. Bot. Mag. ir

!74- 1835- "Jacksonville." Drummond.
Gerardia filicaulis (Benth.) Chapm. Fl. So. U. S. 299. Mar. 26,

i860.

Gerardia Mettuaeri nuda Wood, Class Book 530, Dec. 1, i860.

Under Gerardia nuda Wood (1870), "Middle Fl. (Dr. Mettauer,
1855)."

Gerardia nuda Wood, Am. Bot. and Flor. 231. 1870.

Flowers, mid-September to early November. Fruit, October
to November.

Distribution: Moist grassy sandy pineland, in the coastal

plain from southern Georgia and northern Florida to eastern

Louisiana. Frequent in the flat pine woods of southern Georgia

and northern Florida; occasional or rare in the Altamaha grit

region
; frequent in the pine hills of western Florida and adjacent
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southeastern Alabama; westward near the coast to southern

Mississippi and probably eastern Louisiana. Restricted to the

Plants and specimens examined:

Georgia: Waycross {4788)', Naylor (4749); Tyty.

Florida: Jacksonville {4796); St. Marks (4709); Fort Gadsden

(4689); Apalachicola (4677); Ponce de Leon (4660); Paxton

{4643); De Funiak Springs; Milligan (4594)-

Alabama: McRae (4608); Florala (4626).

Mississippi: Ocean Springs; Biloxi; Pass Christian.

Louisiana: "New Orleans." T. Dnimmond.





Some observations concerning the reactions of the leaf hairs of

Salvinia natans

If one observes plants of Salvinia natans which are in an active

condition, it will be observed that the hairs on the leaves show

drops of liquid which they secrete. It was noticed from time to

time that some of the leaves of the Salvinia which was kept growing

in a large tub in the green-house bore small drops of dark colored

liquid. Frequently a dead dipterous insect was found on the

surface of a leaf somewhat enveloped in a white fungus which was

also attached to the leaf hairs. These occurrences coupled with

the superficial resemblance of the leaves of Salvinia to those of

Drosera suggested the possibility that this fern might also be able

to absorb food from decaying matter on the leaves. It was first

desirable to see if organic matter would go into solution on the

leaves of this plant.

Experiment i. Two large battery jars of Salvinia were iso-

lated from the tub and small soft-bodied dipterous and thysanuran

insects, such as were found in and about the tub, were crushed and

placed upon many of the leaves. By the end of a week all of

these insects were covered with a white fungus, apparently the

same as that previously noted on the Salvinia in the tub. During

the second week almost all of this fungus disappeared and most

of the inseits were reduced to drops of dark colored liquid. Only a

few of the insects dried up. This experiment makes it entirely

probable that some of the dark colored drops found on the leaves

of the Salvinia in the tub contained organic remains. This reduc-

tion of the organic matter to a solution may have been the result

of any or all of these three actions, (i) simple decomposition, (2)

action by the Salvinia or (3) action by the fungus. Three experi-

ments were made to ascertain whether or not the Salvinia con-

tributes to this decomposition of the organic matter.

Experiment 2. Several large crystallizing dishes were filled

with fresh Salvinia. On the surface of about every other leaf
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was placed a small piece, approximately one millimeter cube, of

the white of a hard boiled egg. The weight of the cubes was not

great enough to break down the leaf hairs on which they rested.

Similar cubes of the boiled white of egg were placed on clean

glass in the dishes just above the surface of the water, as controls.

During the first twenty-four hours all of the white of egg, both

control and experiment, became rather transparent. At the end

of forty-eight hours several of the leaves were removed and ex-

amined under a microscope. The cubes of egg had retained their

shape perfectly, that is, there had been no rounding off of the

edges as has been previously noted in the digestion of the white of

egg by Drosera. A certain amount of the white of egg had been

removed, however. Each of the leaf hairs on which the cube was

resting had penetrated it and reached nearly through the block

of boiled egg. The extreme tips of the prongs of each hair were

thus firmly imbedded in the white of egg, but the remainder of the

leaf hair scarcely touched the cube, being smaller than the chamber

it occupied. This little chamber resembled a hole made in ice

with a warm metal rod, being slightly larger than the leaf hair at

every point except the tip. In addition to this reaction by the

leaf hairs supporting the cube of white of egg, the row of hairs

immediately around the cube which were not under it but which

just touched it had also reacted. These hairs had bent in on all

sides, penetrating the cube of white of egg in the same manner as

those hairs on which the cube was resting, except that they entered

the cube from the side; that is, there seemed to have been a

positive chemotaxis on the part of the leaf hairs with reference

to the white of egg. This experiment was continued for several

days, with many plants and always with the result as just stated.

Special precaution was necessary to keep the cubes of boiled

egg from drying out too quickly. However, the white of egg

did not injure the leaves in any way as far as could be determined

during the six days it rested on them.

Experiment j. Other cultures of Salvinia were isolated and

small drops of uncooked white of egg placed on most of the leaves.

Control drops of water of the same size were also placed on many

leaves. The drops of both white of egg and water rested as tiny

spheres on top of the leaf hairs for the first twenty-four hours.
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During the second twenty-four hours the drops of white of egg

in many instances broke, forming irregular patches which sank

down to the surface of the leaf, completely surrounding the hairs

which had supported them. At the same time the neighboring

leaf hairs bent over into the white of egg in much the same manner

as noted regarding the cubes of cooked white of egg. The control

drops of water did not change meanwhile, remaining as spheres

on top of the leaf hairs. Several things might have caused the

drops of white of egg to act in this manner, but in the light of the

solvent action of the leaf hairs on the cubes of cooked white of egg

it seems probable that the leaf hairs themselves were responsible

for the change which caused these drops of raw white of egg to

change. These cultures were continued for eight days. During

this time several of the drops of white of egg became infected

with the white fungus already mentioned. The result was the

same as that with the crushed insects. The white of egg be-

came steadily more liquid until it was reduced to a fluid almost as

mobile as water. By close observation it could be determined

that in those cases where the tiny spheres of white of egg did not

break and run down on to the surface of the leaf the amount of

white of egg had decreased.

Experiment 4. On the leaves of fresh cultures of Salvinia

drops of uncooked yellow of egg were placed. Controls were

established by drops of the yellow of the egg being placed on clean

glass in the dishes with the Salvinia, just above the surface of the

water. The color of the egg on the leaves became noticeably

paler than the control during the first twenty-four hours. At the

end of forty-eight hours it had spread over a small area of the

leaf surface in the same manner as the uncooked white of egg

had done in the previous experiment. The color of this egg on

the leaves was several shades lighter than the control and of a

quite different consistency, being more like cream than the control.

The same chemotaxis was displayed by the hairs surrounding the

area covered by the egg.

Experiment 5. It was the object of this experiment to ascer-

tain whether the plant was profiting by the presence of the decay-

ing or soluble organic matter on the surface of its leaves. Four

different jars of Salvinia were prepared.
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In jar Number i the Salvinia was floated on distilled water.

In jar Number 2 on a nutrient solution containing the following

substances

:

Potassium nitrate i.o gm.

Calcium sulphate 0.5 gm.

Magnesium sulphate 0.5 gm.

Sodium phosphate 0.5 gm.

Jar Number 3 contained a nutrient solution the same as that

used in Number 2, except that the potassium nitrate was omitted.

On the leaves of the Salvinia in this jar were placed cubes of cooked

white of egg, drops of uncooked white of egg and crushed insects.

Jar Number 4 also contained a nutrient solution the same as

Number 3, that is, without the potassium nitrate, but the leaves

in this jar were free from foreign substances.

The Salvinia in jar Number 1 began to change color on the

second day. The otherwise bright green color of the leaves be-

came dull and by the fifth day there were distinct yellow spots

on the leaves. In a week all of the leaves in this jar were of a

uniform brownish-yellow color. In Salvinia care must be taken

to keep the light conditions for good growth as nearly constant

as possible. It frequently happens that Salvinia plants that

have been growing in somewhat weak light will, when brought into

very bright light, lose their green color and die. This, however,
may be prevented by gradually bringing them into strong light

which they may then stand without the least injury.

The plants in jar Number 2 remained quite normal throughout
the entire experiment, which lasted fifteen days.

The leaves in jar Number 3 began to lose their color in six

days and those in Number 4 four days. Both those with and
without foreign matter on them finally lost all their color. By
the end of the first week, however, there was a decided difference

between the leaves in the two jars. Almost all of the leaves in

both jars were turning yellow but those in jar Number 3 retained

their color, especially, in the area immediately around that

covered with organic matter. The ninth day all the leaves in

both jars were yellow, excepting a few in jar Number 3. These

few were still a little green in the area around the organic matter.
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They continued to fade and by the fifteenth day all were entirely

This experiment shows that the plant can obtain a certain

quantity of its food from the decomposing organic matter offered

to it in the way above described. The amount that can be taken

up by the leaf hairs, however, is small and is insufficient to supply

the demands of the plant. The Salvinia with organic matter on

its leaves seemed to have an advantage but this advantage in

nature is only occasional or as chance offers.

* Experiment 6. Pieces of cinder and iron filings were carefully

laid on the leaves and allowed to remain for several days. No

reaction of any sort occurred among the hairs of the leaves.

Summary

One of the most interesting results was the chemotactic re-

action of the leaf hairs. This was very distinct in every case,

excepting experiment 6.

The experiments proved that the leaf hairs are capable of

exerting a distinct solvent action on the organic matter placed

on them. Experiments 2, 3 and 4 show this. This solvent action

does not serve to remove any objectionable organic matter but

the plant profits by the food derived by this action. The latter

is well shown from the observations made, especially those of

experiment 5. No experiment showed the leaves suffering from

the presence of small amounts of organic matter on their leaves

and on the contrary the leaves thus treated were the last to lose

the green color as in experiment 5. The Salvinia may get only

a small quantity of food in this way, as is indicated by the rapid

decline of the plants even in experiment 5 when placed in a solu-

tion free of potassium nitrate. The positive chemotaxis of the

leaf hairs, the solvent action on the cubes of cooked white of egg

and the discoloring of the yellow of the raw egg coupled with the

fact that in the normal habitat this fern frequently has the bodies

of small soft insects which are finally dissolved on its leaves,

shows at least that some food is taken in by these leaves when it

Indiana University, Bloomington





he relationship between the number of ovules formed and the

capacity of the ovary for maturing its ovules into seeds

I. Introductory Remarks

In a series of papers published in part only and which need not

be cited here, I have attempted by the use of the modern

higher statistics to analyze the internal factors influencing seed

This work has consisted chiefly in determining the correlations

between the degree of development of various somatic organs

and the fertility of the fruit.

Certain peculiarities of the fruit itself have been also considered

in their relationship to capacity for seed production or to the

characteristics of the seed formed. A question of considerable

interest upon which very little has been published is that of the

relationship between the number of ovules formed by a fruit and

its capacity for maturing these ovules into seeds. To the data of

this problem the present paper is a contribution. In it only

questions of fact will be considered, for it is quite premature to

essay any interpretation of observed relationships in more general

The problem in hand is to determine whether ovaries with a

number of ovules above the average are more (or less) capable of

developing their ovules into seeds than those below the average.

A priori, ovaries with more than the mean number of ovules must

be expected to produce on the average absolutely more seeds

than those with less than the mean number. A posteriori, this

condition is found almost without exception. But the question

which interests the physiologist is whether ovaries of any class

with respect to number of ovules are more capable of seed produc-

tion as shown by their developing a higher proportion of their

ovules into seeds.

This problem is not only of importance from the standpoint of

447
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the physiology of seed production, but of considerable interest

from the fact that in Staphylea there is a selective mortality with

respect to number of ovules, ovaries with a smaller number of

ovules being less capable of developing into mature fruits than

those with a larger number.*

The determination of the existence of such a relationship,

especially the measurement of its intensity, presents considerable

difficulty. It is desirable that degree of interdependence shall

be expressed in terms of correlation, but there are dangers of

spurious coefficients. Again, the work so far done has demon-

strated very low correlations between somatic characters, or

those of the fruit, and seed production. One would, therefore,

anticipate very slight relationships between the number of ovules

formed per fruit and its capacity for seed development. In such

cases very large and numerous series of data are desirable.

I believe the following method of reasoning is valid.

In a series (a population, to use the technical term) of poly-

spermous fruits only a portion of the ovules develop into mature

seeds. Let o be the number of ovules formed and 5 the number of

seeds matured per fruit; both are variable; 5 is always some pro-

portion of o. If there be no relationship between the absolute

number of ovules formed and the capacity of the fruit for maturing

its seeds, the most probable number of seeds for any pod is po,

the bars indicating the mean value of the two variables. Now
let z = s— po, or the deviation of any individual 5 from its

probable value, on the assumption that the chances of an indi-

vidual ovule developing into a seed are independent of the number

of ovules in the ovary in which it is produced. The correlation

coefficient between o and z, roz , should furnish the information we

A convenient formula for the determination of this relation-

* Harris, J. Arthur, Biometrika 7= 452 504. 1910; Science II. 32: 519-528-
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ship was most kindly worked for me while engaged on this problem
at University College, London, by Professor Karl Pearson.*

III. Discussion of data

This formula has been so far applied to the problem of fecundity

in plants only in the case of the fruits of Cercis, Robinia and

Sanguinaria and of the inflorescence of Staphylea, Celastrus and

Crinum.-\ Only one or two published series were available for

each of these species. Because of the delicate relationships which

are ordinarily found between fertility and other characters! it is

essential for trustworthy results that the relationship be worked

out on as large a series of material as possible. It will be also

advantageous if one can include a large number of sub-series

differing from each other in the conditions to which they have

been subjected but each homogeneous in itself.

The only such series of data is that used for the working out

of the relationship between bilateral asymmetry and fertility

and fecundity in Phaseolus vulgaris. I For each of these 53 series,

embodying altogether over 170,000 pods, I have carried through

the arithmetical routine necessary for the determination of roz ,

the correlation between the number of ovules formed per pod

and the deviation of the number of seeds from their probable

value on the assumption of there being no relationship between

the number of ovules formed and the capacity of the pod for

maturing its seeds.

Table i gives the results. The key letters indicating the

individual series permit easy reference to other published informa-

tion concerning them. The second column shows the number of

pods upon which the determinations are based. The third gives

the coefficient of correlation between the number of ovules and
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number of seeds per pod, ros , while the fourth contains the correla-

tions between the number of ovules per pod and the deviation of

the number of seeds from their probable value.

All of the values for roa are positive, and of a substantial order

of magnitude. Both positive and negative coefficients for rot

occur, and the values are low throughout. Of the 53 determina-

tions, 38 are negative and 15 positive in sign. Were there no

biological relationship between o and 5 an equal number of positive

and negative values would be expected. Thus there is a deviation

from equality of 1 1.5 =±= 2.46,* which is probably significant.

Thus there is apparently a distinct negative relationship be-

tween and z. This conclusion is supported by restricting the

constants upon which it is based to those which are more probably

statistically significant with regard to their probable errors. Thus
I find that for the 41 constants 2.5 and more times their probable

error 28 are negative and 13 are positive. Of the 26 constants

which are over 4 times their probable error, 21 are negative and 5

are positive. Of the 13 which are over 7 times their probable

error, 11 are negative and 2 are positive.

Taking means of the ratio of the correlation coefficients to their

probable errors, I find a mean ratio of 5.10 for the negative values

and of 3.87 for the positive. Thus the negative constants are as

a whole more trustworthy than are the positive, although some of

the positive values must be certainly regarded as trustworthy

statistically.

Consider next the relative magnitude of the positive and nega-

tive coefficients. The 38 negative constants give a mean value of

— .0732 while the 15 positive correlations give a mean value of

+ .0529. Thus the negative coefficients are numerically larger

than the positive.

I now split the materials up into the individual varieties. The

results are conveniently summarized in Table n.

Positive coefficients occur only in Navy, Ne Plus Ultra and

White Flageolet. In the two latter, only 3 of the 22 constants

are positive, and neither of the three can be safely regarded as

significant with regard to its probable error. In Navy, quite

different conditions seem to prevail. In both strains 6 of the 9



452 Harris: Null

constants are positive. Numerically, the positi 1

age higher than the negative, and in comparison with their probable

errors they seem to be more trustworthy, the values of the ratio

of r z to its probable error averaging higher in the positive than
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in the negative cases. Just the reverse of this condition is found

everywhere else. All of the positive values which are over thrice

their probable error fall in the Navy strains.
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These relationships are forcibly shown in diagrams i and II.

both of these the intensity of the correlation is shown by the

«,
i
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i t
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+2.78

White Flageolet

+ I-35
Minus

j

length of the vertical lines. The broken ones extending above the

zero bar measure positive values; the solid ones extending below
the zero bar indicate negative coefficients. In diagram i the

lengths of the lines are in terms of the correlation coefficients,

roz ; in diagram 2 they are in terms of the ratio of the correlation

to its probable error. In both, the large central figure represents

the distribution of values for the whole material. This is analyzed

into the Navy series, shown in the lower corner, and into all other

series, shown in the upper right hand corner of the figures. The
difference in the contribution of these two elements to the general

series is very striking.

IV. Recapitulation and discussion

In dwarf varieties of garden beans, Phaseolus vulgaris, there is

but a slight relationship between the number of ovules per ovary

and its capacity for maturing these ovules into seeds. So lax is

this correlation that in working with only moderately large

samples both positive and negative values of the coefficient may
be found in the same strain of material.
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Such a relationship does, however, exist. So far as the ma-

terials available may be considered as representative of the species

it is generally negative, i. e., as the number of ovules formed in-

creases the capacity for maturing these ovules into seeds decreases.

This conclusion is supported by the facts that the negative correla-

tions are significantly more numerous than the positive, they

average larger numerically, and they have a higher degree of

trustworthiness with regard to their probable errors.

In some varieties, however, the correlations seem to be gen-

erally positive. This is true for the common Navy. All other

varieties so far as studied—White Flageolet, Ne Plus Ultra,

Burpee's Stringless, Golden Wax and Black Wax—show exclu-

sively or preponderantly negative correlations.

Concerning the explanation of this relationship no suggestion

can be made. Such an attempt would be quite premature until

ample quantitative data on the nature (sign) and intensity of the

relationship in a considerable series of varieties are available.

Anyone venturing to suggest explanations must also fully realize

that the problem is an exceedingly complex one, involving many

difficulties which need not be enlarged upon here. But as matters

of biological fact the results seem definitely established, and

represent one further step in the analysis of the problem of fertility

and fecundity in plants.

Cold Spring Harbor, N. Y.
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MONOTROPACEAE

Hypopitys latisquama Rydb. sp. nov.

Plant; pink, 1-3 dm. high, more or less short-pubescent above;

scales of the stem broadly ovate, obtuse, 1-1.5 cm. long; flowers

usually 10-15 ; sepals spatulate or cuneate, 8-10 mm. long,

abruptly acuminate, ciliate; petals cunate or obovate, 11-12 mm.
long, rounded and sinuate at the apex, pubescent and ciliate, fila-

ments and styte copiously hairy; stigma retrorsely bearded.

This is closely related to H. lanulosa (Michx.) Nutt., but differs

in the large and broad scales on the stem and the larger flowers.

Montana: Bridger Mountains, July 28, 1896. Flodman 708

(type, in herb. N. Y. l3ot. Gard.).

Wyoming: 1873, Parry 196.

Washington: Olympic Mountains, Elmer 2464.

PRIMULACEAE

Primula specuicola Rydb. sp. nov.

Perennial with a short jotstock; leaves 5-13 cm. long, thin,

slightly farinose when young, in age glabrate, with winged petioles;

blades spatulate or elliptic, obtuse at the apex, sinuate-dentate;

scape 1-1.5 cm. long; umbels 10-20-flowered; bracts linear-subu-

late, thin, 5-10 mm. long, slightly gibbous at the base; pedicels

5-10 mm. long in flower or 1-4 cm. long in fruit; calyx densely

farinose; tube deeply campanulate, 3-5 mm. long; lobes linear-

oblong, 2.5-3.5 mm. long, obtusish; corolla-tube yellowish, 8-10

[The Bulletin for August (40: 377-460. pi. 21, 22) was issued 13 Au 1913.]
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mm. long, 1.5 mm. in diameter; lobes cuneate, merely emarginate

with a broad sinus, dark violet, about 3 mm. long; stamens in-

serted in the middle of the corolla-tube; capsule about 6 mm. long.

This species is related to P. farinosa L. and P. incana M. E.

Jones, but differs from both in its very thin leaves, more exserted

corolla-tube and slender bracts. In P. incana M. E. Jones (P.

americana Rydb.), the only other species of the group in the Rocky

Mountains, the bracts are thick, almost fleshy, obtusish, lanceolate,

and often nearly equaling the pedicels. In the bracts and inflor-

escence, it resembles more P. farinosa L. of Europe and north-

eastern America. P. Ellisiae of the Sandea Mountains of New
Mexico, though belonging to this group and of the same habit,

has much larger flowers, the lobes of the corolla being 8-10 mm.'

long. P. specuicola grows only in loose soil, under overhanging

cliffs in the alcove-like heads of the canyons, characteristic of the

limestone bluffs of San Juan River.

Utah: Along San Juan River, near Bluffs, Aug. 25-29, 191 1,

Rydberg 9882 (type, in herb. N. Y. Bot. Gard.); same locality,

Feb., 1912, Edna Scorup, and in 1895, Alice Eastwood.

Androsace albertina Rydb. sp. nov.

Cespitose perennial, but scarcely pulvinate; leaves narrowly
oblanceolate, about 1 cm. long, sparingly ciliate, not carinate;
scape 5-10 cm. long, slender, sparingly hairy; bracts linear-

lanceolate, 3-4 mm. long; pedicels 3-5 mm.; calyx-lobes elliptic,

obtuse; corolla-lobes 2-3 mm. long.

This is most like the European A. Chamaejasme Host, but
the leaves and bracts are narrower. It differs from A. carinata

Torr. in the narrower leaves, not carinate beneath, less pulvi-

nate habit, longer peduncles, longer pedicels, and smaller flowers.

Alberta: Lake Agnes, National Park, Banff, Aug. 1897,

Mr. and Mrs. C. Van Brunt 77 (type, in herb. N. Y. Bot. Gard.);

Jumping Pound Creek, June 14, 1897, Macoun 23478; Rocky
Mountains 1858, Bourgeau.

Montana: Yellow Mountain, June 24, 1897, R. S. Williams.

Androsace simplex Rydb. sp. nov.

Annual; leaves oblanceolate, 3-6 mm. long, acute, entire,

minutely puberulent; scape usually solitary, erect, very slender,

2-7 cm. high; bracts oval or lance-oval, 2-4 mm. long; pedicels
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5-15 mm. long, suberect or strongly ascendmg; calyx-tube

obpyramidal, about 2 mm. long; lobes lanceolate, about 1.5

mm. long, acute; corolla small, shorter than the calyx.

This is related to A. occidentalism but the plant is more delicate,

the scapes solitary, bearing a 1-4-nowered umbel with strongly

ascending or nearly erect pedicels, the bracts smaller and dis-

Montana: Missoula, May, 1897, Elrod & assistants 33 (type,

in herb. N. Y. Bot. Gard.).

Utah: Near Salt Lake City, May 1882, M. E. Jones.

British Columbia: Lytton, April 17, 1889, Macoun.

Dr. Greene separates an American species Androsace capil-

laris Greene from the Asiatic A.filiformis Retz, and claims that

the former is a perennial. All American specimens that I have

seen are, however, annuals, and I can see no reason for such a

separation.

Dodecatheon Jaffreyi Moore has been collected near Sawtooth,

Idaho, by Evermann.

GENTIANACEAE

Anthopogon ventricosum '(Griseb.) Rydb.

Gentiana ventricosa Griseb. in Hook. Fl. Bor.-Am. 2: 65. 1838.

Anthopogon Macounii (Holm) Rydb.

Gentiana Macounii Holm, Ottawa Nat. 15: no, 179. 1901.

Anthopogon tonsum (Lunell) Rydb. sp. nov.

Gentiana detonsa tonsa Lunell, Bull. Leeds Herb. 2 : 7. 1908.

This is closely related to A. Macounii (Holm) Rydb., but
differs in the glabrous filaments, a character not pointed out by
Dr. Lunell.

Amarella tortuosa (M. E. Jones) Rydb.

Gentiana tortuosa M. E. Jones, Proc. Calif. Acad. II. 5: 707. 1895.

Amarella ventorum Rydb. sp. nov.

Gentiana arctophila densiflom Torr. Fremont's Rep. 94. 1845.

Not G. arctophila densiflora Griseb.

Low annual or biennial, branched near the base; stems 5-10
cm. long, branched, internodes shorter than the leaves; basal
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leaves oblanceolate ; stem-leaves linear or linear-lanceolate,

about 2 cm., acute; flowers 1-3 in the axils; pedicels 2-8 mm.
long; calyx-tube about 2 mm. long; lobes linear-lanceolate, 3-5

mm. long, acute, scabrous on the margins; corolla about 5 mm.
long; lobes ovate, obtuse or acute; crown none.

This little Amarella lacks the setaceous fimbriate crown at the

base of the corolla-lobes and therefore should be classified with

the arctic or subarctic A. propinqua (Richards.) Greene, and A.

arctophila (Griseb.) Greene, but the corolla-lobes are acute or

obtuse, instead of cuspidate.

Wyoming: Wind River Moutainns, Aug. 4, 1843, Fremont.

Dasystephana oregana (Engelm.) Rydb.

Gentiana oregana Engelm.; A. Gray, Syn. Fl. 2 1
: 122. 1878.

Dasystephana glauca (Pall.) Rydb.

Gentiana glauca Pall. Fl. Ross. 2: 104. 1784.

Dasystephana calycosa (Griseb.) Rydb.

Gentiana calycosa Griseb. Gen. et Sp. Gent. 292. 1839.

Dasystephana monticola Rydb. sp. nov.

Gentiana calycosa stricta Griseb. Gen. et Sp. Gent. 292. 1839.

Gentiana calycosa monticola Rydb. Bull. Torrey Club 24: 252.

1897.

Dasystephana obtusiloba Rydb. sp. nov.

Cespitose perennial; stems erect or ascending, about 1 dm.
high; internodes short, equaling or a little longer than the leaves;

leaves very broadly ovate, 3-5-ribbed, usually acute at the apex
and subcordate at the base; calyx-tube broadly turbinate, 5-6
mm. long; lobes broadly oval, rounded at the apex, often over-

lapping, about 8 mm. long; corolla dark blue, about 3.5 cm. long;

lobes rounded at the apex; lobes of the plaits about half as long
as the corolla lobes.

This is related to D. calycosa, but differs in the lower habit and

rounded corolla-lobes.

Montana: Mary Baker Lake and Sperry Glacier, Aug. 21,

1901, Vreeland 1162 (type, in herb. N. Y. Bot. Gard.); Lake

MacDonald, Aug. 22, 1901, Umbach 371; Mount MacDonald,

July 25, 1900, Elrod cV assistants; Silloway Peak, July 17-19,

1901, MacDougal 6Q2; Blackfoot Indian Reservation, Aug. and

Sept. 1909, Gilman Thompson.
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Swertia Fritillaria Rydb.

Glabrous, light green, perennial; stem 1.5-3 dm. high; basal

leaves and lower stem-leaves alternate, 6-10 cm. long, thin, long-

petioled; blades obovate, spatulate, rounded at the apex, abruptly

contracted into winged petioles of about the same length; middle

and upper stem-leaves all alternate or a single pair of opposite

ones, oblanceolate or oblong; inflorescence rather lax, elongate;

pedicels 1-2 cm. long; sepals lanceolate, about 6 mm. long;

corolla-lobes lanceolate, mostly acute, greenish white along the

midrib and azure along the margins, dotted all over with dark

blue spots in the manner of many species of Fritillaria; filaments

more or less dilated, some of them very broad; glands inconspicu-

ous with rather long blue fringes.

Utah: Wet places incaynons: Big Cottonwood Canyon, Au-

gust 4, 1905, Garrett 1566 (type, in herb. N. Y. Bot. Gard.).

APOCYNACEAE

Amsonia Eastwoodiana Rydb. sp. nov.

Perennial, with a short woody base; stem 3-5 dm. high, gla-

brous; stem-leaves lanceolate, usually narrowly so, 3-5 cm. long,

glabrous, acute at each end; leaves of the numerous strongly

ascending branches linear; calyx-lobes subulate, 2 mm. long or

longer; corolla 16-20 mm. long; tube narrowly trumpet-shaped;

lobes nearly 4 mm. long; pod 5-8 cm. long, about 8 mm. thick,

constricted and often breaking off between the seeds, 3-5-seeded

;

seeds oblong, about 1 cm. long and 6 mm. thick.

This is most closely related to A. brevifolia, having the same

flower and fruit, but the plant is in habit more like ,4. Fremontii,

for which it has been mistaken. The latter has still longer

calyx-lobes which are narrower, and its pod is not restricted

between the seeds. In canyons of desert regions.

Utah: Moab, July, 191 1, Rydberg & Garrett 8468 (fruit, type,

in herb. N. Y. Bot. Gard.); Willow Creek Canyon, August, 1895,

Alice Eastwood 73 (fruit).

Arizona: Ten miles east of Holbrook, June 22, 1901, L. F.

Ward (flowers); Lee's Ferry, 1890, M. E. Jones.

Amsonia texana (A. Gray) Heller of the Flora of Colorado and

Coulter & Nelson's Manual is A. latifolia Jones. A. brevifolia

A. Gray, and A. tomentosa Torr. have been collected in southern

Utah.
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ASCLEPIADACEAE
Astephanns utahensis Engelm., Philibertella cynanchoides (Dec.)

Vail and P. heterophylla (Engelm.) Vail, A sclepias erosa Torr., A-

macrosperma Eastw. and A. labriformis Jones have been collected

in Utah; Acerates lanuginosa (Nutt.) DC, in the Yellowstone Park;

A sclepias ovatifolia, in Saskatchewan; and A sclepias mexicana Cav.,

CONVOLVULACEAE
Cressa erecta Rydb. sp. nov.

Stem branched, with a woody base, erect, 2-3 dm. high with

erect branches, silvery canescent; leaves elliptic, 5-7 mm. long,

acute at both ends, sessile, silvery canescent; pedicels in fruit

6-10 mm. long, usually exceeding the leaves; bracts elliptic, 3
mm. long; sepals 4-5 mm. long, oval, equaling the corolla-tube;

corolla white; lobes elliptic, acutish, rarely spreading; filaments

filiform, slightly pubescent; ovary densely pubescent; styles fili-

This differs from C. depressa Goodding in the erect stem and

branches, the more silvery pubescence, the longer pedicels (in C.

depressa shorter than the leaves) and the comparatively narrower

corolla-lobes.

Utah: Near Beck's Hot Springs, Salt Lake County, July,

1905, Garrett 870} (type, in herb. N. Y. Bot. Gard.).

CUSCUTACEAE
Cuscuta curta (Engelm.) Rydb. sp. nov.

Cuscuta Gronovii curta Engelm. Trans. St. Louis Acad. 1: 507.

In saline districts of Utah and Colorado.

POLEMONIACEAE
Dr. Brand* reduces the amply distinct Phlox muscoides Nutt. to

The following pages contain a good deal of

this family. The monograph is one of the

descriptions re

Rocky Moum
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a subspecies of P. caespitosa and makes P. Covillei E. Nels. and P.

condensata (Gray) E. Nels. varieties of this subspecies. It is

evident that Dr. Brand does not know what P. muscoides is; for

the only Montana specimen he cites is Rydberg & Bessey 4815,

which belongs to Phlox caespitosa and is so referred in my Flora of

Montana. He also cites two specimens from California, Coville

2072 from Mount Whitney and Hildebrand from Silver Mountains

and also one from Charleston Mountains, Nevada, Purpus 6111.

Phlox muscoides Nutt. is unknown to both California and Nevada.

Neither P. Covillei nor P. condensata is closely related to P.

muscoides. The relationship of P. muscoides is with P. bryoides on

one hand, and P. Hoodii on the other; and the calyx is arachnoid-

villous, not glandular as in P. caespitosa.

Dr. Brand made Phlox albomarginata M. E. Jones, P. costata

Rydb., P. collina Rydb. and P. diapensioides Rydb. varieties of P.

Kelseyi, while he kept P. alyssifolia Greene as distinct and described

a new species, P. variabilis, from material which I had included in

P. collina. It is evident that Dr. Brand did not know the plants

he was so treating. Under his var. albomarginata he gives the

following distribution

:

"Montana (nach Jones)—Wyoming: Cooper Creek (Nelson n.

4336)."

Evidently he had not seen Jones's specimens and Nelson 4336

is typical P. Kelseyi, and has nothing of the habit of P. albomar-

ginata.

Under each of his var. collina and var. diapensioides he gives

the following: "Montana (nach Rydberg)." In other words, he

had seen no specimens. Under his var. costata he gives: "Mon-

tana: Madison Co. (Nelson 5148)." This number is not found

in the herbarium of the New York Botanical Garden, but judging

from the rest I am inclined to think that this determination is just

as unreliable. It may be that 5148 is a misprint for 5418, which is

labeled Phlox Kelseyi, and should be referred to it, but is not

typical. It has nothing to do with P. costata. Furthermore, P.

costata is not closely related to P. Kelseyi, but intermediate be-

tween P. multiflora A. Nels. and P. glabrata (A. Nels.) Brand,

but with a densely pubescent calyx.

In my opinion, P. alyssoides Greene, P. collina Rydb., and P.
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variabilis Brand are one and the same species. I included Hall &
Harbour 454 in the original description of P. collina, and I have no

reason for changing my opinion. There is no essential difference

between my diagnosis of P. collina and Brand's characterization of

P. variabilis, except that I described the leaves as "oblong or ovate

"

and Brand gives them as "linear." The specimens in the Colum-

bia University herbarium of Hall & Harbour 454 have oblong leaves,

hence agreeing better with my description. Furthermore, P.

alyssoides (= P. collina), as I understand it, has been collected at

several places in both Utah and Wyoming, and why not also in

Colorado ? Professor A. Nelson in Coulter& Nelson's New Manual

has followed Dr. Brand's treatment of this group very closely. It

would have been much better for him to find out the real facts.

Brand's description of P. Douglasii is not correct; he describes

the calyx as eglandulose-pilose, while the duplicate of the type in

the Columbia University herbarium is densely glandular.

Phlox dasyphylla Brand is not better than P. variabilis, being

only a small-flowered and narrow-leaved form of P. multiflora,

not uncommon in Colorado and Wyoming.
Phlox densa Brand is a low condensed from of P. austro-

montana, more like the type than Phlox austromontana prostrata

E. Nels., which Dr. Brand regards as a mere variety. The only

one of Dr. Brand's new species from the Rockies that I regard as

good is P. glabrata (E. Nels.) Brand (P. Hoodii glabrata E. Nels.).

In describing Phlox aculeata* Prof. A. Nelson compares it with

the P. caespitosa group. The intercostal portion of the calyx is

replicate, however, which would associate it with P. Stansburyi.

I can not distinguish it from P. viridis E. Nels.

Dr. Brand's conception of Gilia congesta Hooker is entirely

wrong. He regards G. iberidifolia Benth. as the typical G. con-

gesta. A duplicate of Douglas's plant is found in the Columbia
University herbarium, and a closer study of the same shows that

it is the same as Jenney's plant from the Black Hills, which con-

stituted a part of G. spicata capitata A. Gray, and my number 886,

also from the Black Hills. These two specimens I included in my
G. cephaloidea. Unfortunately I did not designate a type and

some botanists might claim that Jenney's plant which was first
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mentioned should be regarded as such. The short characteriza-

tion was, however, drawn principally from my number 2763 from

Lima, Montana, and this is marked in our herbarium as the type.

Since more specimens have been seen, both of the Montana plant

and of that from the Black Hills, it has become evident that they

are not exactly the same. As the Montana plant is marked as

the type, I now limit my G. cephaloidea to it. If Jenney's plant

or my 886 were to be regarded as the type of G. cephaloidea, this

would become a synonym of G. congesta and the Montana plant

should have a new name. As it is, the G. cephaloidea of Brand's

monograph should become G. congesta Hooker, and Brand's

G. congesta is G. iberidifolia Benth.

Brand divides the Gilia spicata group in two divisions: one

containing G. spicata, G. globularis and G. trifida, with the corolla-

lobes (in dry state) dark purple ; and G. cephaloidea and G. congesta,

with lobes of the corolla (in dry state) whitish. The dark purple

color is simply due to poor drying. Dr. Brand also describes the

corollas of G. spicata as purple. In fact they are greenish white.

We have specimens of G. spicata which still retain the greenish

white color. Such a distinction is scarcely scientific.

Under Gilia congesta iberidifolia, Dr. Brand gives as synonyms

G. spergulifolia Rydb. and G. roseata Rydb. Evidently Dr. Brand

had not seen a specimen of G. roseata. This is perhaps closer

related to his own G. globularis than to G. iberidifolia, except that

the stems are branched and bear several heads. He had seen a

specimen of Baker 534, which I referred to G. spergulifolia. When
doing so I had in mind only the specimen in the herbarium of the

New York Botanical Garden. I do not know by what this number

may be represented elsewhere. However, I can not distinguish this

from Nelson 5430, which Dr. Brand refers to the var. crebrifolia,

evidently not knowing that the var. Merrillii (G. Merrillii A. Nels.)

is the original G. crebrifolia Nutt. A duplicate of the type is in

the Columbia University herbarium. The synonomy of this

group of Gilias is therefore very mixed. In order to straighten out

the matter I give the following synonymy:

Gilia spicata Nutt. Jour. Acad. Nat. Sci. Phila. II. 1: 156.
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Gilia globularis Brand, Pflanzenreich 4
250

: 120. 1907.

Gilia spicata capitata A. Gray, Proc. Am. Acad. 8: 274 (as to

type). 1870.

Gilia cephaloidea Rydb. Fl. Colo. 277, in part. 1906.

Gilia cephaloidea Rydb. Bull. Torrey Club 24: 293 (as to the

Montana plant). 1897.

Gilia congesta Hook. Fl. Bor.-Am. 2: 75. 1838.

Gilia spicata capitata A. Gray, Syn. Fl. 2 1
: 144, in part. 1878.

Gilia cephaloidea Rydb. Bull. Torrey Club 24: 293, in part.

1897.—Brand, Pflanzenreich 4
2£0

: 121. 1907.

Gilia iberidifolia Benth. in Hook. Jour. Bot. & Kew Misc. 3 :

Gilia congesta iberidifolia Brand, Pflanzenreich 4
2S0

: 121. 1907.

Gilia nuda (Eastw.) Rydb.

Gilia congesta nuda Eastw. Proc. Calif. Acad. II. 6 : 308. 1896.

Gilia roseata Rydb. Bull. Torrey Club 31: 633. 1904.

Gilia spergulifolia Rydb. Bull. Torrey Club. 31 : 633. 1904.

Gilia congesta crebrifolia S. Wats. Bot. King Exped. 5: 268, in

part. 1 87 1.

Gilia congesta iberidifolia crebrifolia Brand, Pflanzenreich 4
250

:

121. 1907.

Gilia crebrifolia Nutt. Jour. Acad. Nat. Sci. Phila. II. 1: 156.

1848.

Gilia congesta crebrifolia A. Gray, Proc. Am. Acad. 8: 273.

1870.

Gilia Merrillii A. Nels. Bot. Gaz. 34: 27. 1902.

Gilia congesta iberidifolia Merrillii Brand, Pflanzenreich 4
250

:

122. 1907.

Gilia Burleyana A. Nels. Bot. Gaz. 54: 144. 191 2.

This species also belongs to this group. Prof. Nelson stated in

the original description: "Until now this section contained no

perennials." Both G. iberidifolia and G. roseata are perennials.

Gray divides the group in "annuals and short lived perennials or

biennials."

Gilia palmifrons (Brand) Rydb. sp. nov.

Gilia congesta palmifrons Brand, Pflanzenreich 4
230

: 122. 1907.

I think also that Dr. Brand has misidentified Gilia trifida Nutt.
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Dr. Brand evidently drew his description from Jones 5949, the

only specimen he cited. He described the stamens as being in-

serted in the middle of the corolla-tube, while Nuttall described

them as inserted in the throat. I have not seen Nuttall's type, but

I have collected in the region of the type locality, Scott's Bluffs,

Nebraska. The only species growing there are G. spicata and G.

iberidifolia. I believe that Dr. Gray interpreted G. trifida Nutt.

correctly as a depauperate form of G. spicata. If this is correct,

Brand's G. trifida must receive a new name.

Gilia frutescens Rydb. sp. nov.

Fruticose, perennial; stems woody below, branched above, 3-5
dm. high; herbaceous branches 2-3 dm., sparingly pubescent;
leaves linear, glabrous or nearly so, simple, 2-5 cm. long, 1-2 mm.
wide, callous-tipped; flowers capitate at the ends of the branches;

calyx crisp-hairy; teeth lanceolate, cuspidate, shorter than the

tube; corolla white, 5-6 mm. long, salvershaped ; tube barely

exserted; lobes about 2.5 mm. long, oval, acute; stamens inserted

in the throat; filaments short; style glabrous, nearly as long as

the corolla tube.

The type was labeled Gilia multiflora, to which it is not related.

It belongs to the G. iberidifolia group, and has as entire leaves as

G. spergulifolia and G. crebrifolia, but the habit is different. It

differs from all its relatives in the tall shrubby habit. The other

species are at most suffruticose and less than 3 dm. high.

Utah: Springdale, May 14, 1894, M- £ - Jones 5247 (type, in

herb. N. Y. Bot. Gard.; duplicate in U. S. Nat. Herb. no. 326910).

Dr. Brand has treated the G. aggregata group as carelessly as

that of the G. congesta relatives. It is evident that he has had no

specimens of G. Candida Rydb. and still he makes it Gilia aggregata

var. attenuata forma Candida, givii anika Greene

as another synonym. If he had only read my description, he

would not have committed this blunder, for I distinctly pointed

out that the lobes of the corolla in G. Candida are rounded or

obtuse at the apex like those of G. longiflora. It is a plant with the

habit and leaves of G. aggregata and the corolla of G. longiflora.

Both Callisteris attenuata and C. leucantha have attenuate corolla-

lobes and the former is a white-flowered form of Gilia pulchella

Dough, * a species wholly omitted by Dr. Brand. Dr. Brand cited

* Hook. Fl. Bor.-Am. 2: 74. 1838.
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two specimens under the forma Candida, viz. Nelson 4198 (should

have been 4189) and Clements ij . The former is a white-flowered

form of G. pulchella, the latter belongs to Gilia scariosa Rydb.

Dr. Brand did not notice the different structure of the calyx, which

places G. scariosa close to G. aggregata Bridgesii A. Gray. Xelson

in the New Manual has also confused things. Gilia scariosa is

made a synonym of G. aggregata and G. Candida of G. attenuata.

He has also overlooked the characters of the calyx of G. scariosa

and the rounded corolla-lobes of G. Candida.

Gilia arizonica (Greene) Rydb.

Callisteris arizonica Greene, Leaflets 1: 160. 1905.

Gilia aggregata typica arizonica Brand, Pflanzenreich 4
250

: 115.

1907.

Gilia tenuituba Rydb. sp. nov.

Biennial; stem about 3 dm. high, finely glandular-puberulent;
leaves pinnatifid with narrowly linear, puberulent, cuspidate divi-

sions; inflorescence a thyreoid panicle, puberulent; flowers short-

pedicelled; calyx campanulate, glandular-puberulent, distinctly

scarious in the sinuses; teeth lance-subulate, cuspidate, longer
than the tube; corolla flesh-colored, nearly 4 cm. long; tube slender,

1 mm. thick below and 2 mm. at the throat; lobes narrowly lanceo-
late, attenuate, nearly 1 cm. long; stamens unequally inserted
far down the corolla-tube, included; style slender, about equaling
the corolla-tube.

Utah: Beaver City, 1877, E. Palmer 329 (type, in herb.

Columbia Univ.). This is also related to G. aggregata.

Gilia hutchinsifolia Rydb. sp. nov.

Gilia arenaria rubella Brand, Pflanzenreich 4
250

: 103. 1907.
This differs from G. arenaria Benth. and G. sinuata Dougl. in

the acute corolla-lobes and broad and again lobed divisions of the
leaves. The description " Caulis inferne (an morbo?) rufo-
lanatus," from which Dr. Brand adopted the varietal name, is

wholly erroneous. The red coloring is simply grains of red sand
adhering to the specimens. This is the reason of my not adopting
the varietal name.

Annual; stem 2-3 dm. high, glabrous, or rarely slightly glandu-
lar-puberulent above, straw-colored, simple below, with a few
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almost erect branches above; basal leaves glabrous, firm, 1-2 cm.
long, pinnately lobed, with lanceolate cuspidate-tipped lobes;

stem-leaves sessile and partly clasping, lanceolate, sharply dentate

with cuspidate teeth or entire; calyx-tube campanulate, 2 mm.
long, somewhat scarious in the sinuses, sparingly glandular-

puberulent; teeth subulate, 1 mm. long; corolla trumpet-shaped,

7-8 mm. long; tube nearly twice as long as the calyx; capsule

exceeding the calyx; seeds 5 or 6 in each cell.

This is related to G. sinuata, but differs in the simple, straw-

colored, essentially glabrous stem, the glabrous, pale green leaves,

and the form and toothing of the stem-leaves.

Utah: St. George, 1877, E. Palmer 325* in part (type, in herb.

Columbia Univ.) ; also 326.

Dr. Brand reduced Gilia Tweedyi Rydb. to a variety of G.

minntifiora, without having seen a specimen. I do not think that

it is rational to do so, for in G. Tweedyi the pod is not i-seeded, but

bears 1-3, usually 2, seeds in each cell, i. e., it is 4-seeded. The

plant is more closely related to G. inconspicua.

Dr. Brand made Gilia Haydeni A. Gray a variety of G. subnuda

Torr., and gave G. Crandallii Rydb. as a synonym of this variety.

Professor Nelson regarded G. Crandallii as the same as G. subnuda

and gave G. Haydeni and G. superba Eastw. as varieties of the

same. Both arrangements are incorrect. G. superba Eastw. is

the typical G. subnuda Torr. characterized by the orange or

scarlet corolla. In both G. Haydeni and G. Crandallii the corolla

is rose-colored. They are quite distinct from G. subnuda and in

my opinion distinct from each other.

Dr. Brand's treatment of Leptodactylon pungens (Torr.) Nutt.

or Gilia pungens (Torr.) Benth. and its relatives is far from satis-

factory. He divides it in two subspecies: subsp. A. eu-pungens

and subsp. B. Hallii (Gilia Hallii Parish), which is a matter of

taste, but he also divides the former in four varieties: a. Hookeri

(Dougl.) Brand; b. caespitosa (Nutt.) Brand; c. tenuiloba (Parish)

Brand; and d. devestita Brand.

The first variety is based on Gilia Hookeri Benth. To make
this species a variety of G. caespitosa could be also passed over, as

* The same number in the herbarium of the New York Botanical Garden is

entirely different, and belongs to Gilia hutchinsifolia. Maybe some mixing of the
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a matter of taste, but Dr. Brand in his treatment usually meant

by the variety a the typical form. If that is his intention here, he

is wholly mistaken, for the type is not viscid. Torrey's type

should be placed under his variety b. caespitosa, and is exactly

like Goodding 32 and Parry 236 from Wyoming, which Dr. Brand

also refers to that variety. In fact Dr. Brand seems not to know

Leptodactylum caespitosum Nutt. {Gilia pungens caespitosa A.

Gray) , although he adopts this name for a variety which proves to

be the original G. pungens. Leptodactylon caespitosum is amply

distinct, not only by the characters given by Dr. Gray, but also

by the 4-merous flowers and the stamens inserted in the tube.

All the other species have 5-merous flowers. Gilia Hookeri is

confined to the western slope and does not extend into Utah,

Colorado, New Mexico, and Arizona, as stated by Dr. Brand. The
following specimens are wrongly referred to it: Elmer 502 is

typical G. pungens; Jones 1784 and MacDougal 183 belong to G.

pungens squarrosa A. Gray. The Matthews' specimens I have not

seen, but I think they also are wrongly referred to it. Of the

specimens cited under the variety devestita, all I have seen belong

to typical G. pungens, some of them having slightly longer leaves

than the type, but not all.

Leptodactylon brevifolium Rydb. sp. nov.

Suffruticose, branched perennial, 1-2 dm. high; stems puberu-
lent and slightly glandular above; leaves 3-5 mm. long, glandular-
puberulent or glabrate, 3-5-divided into subulate, acerose, ascend-
ing divisions; calyx about 8 mm. long, glandular-puberulent;
teeth subulate-acerose, much shorter than the tube; corolla trum-
pet-shaped, about 15 mm. long; stamens inserted in the throat of

the corolla.

This is related to Leptodactylon pungens (Torr.) Nutt. and L.

Hookeri (Dougl.) Rydb. {Phlox Hookeri Dougl.; Gilia Hookeri
Benth.) but has much shorter leaves. The habit and flower are

more like the former, but the calyx and young foliage are more or

less glandular, though not so copiously so as in the latter.

Utah: Juniper Range, 1898, Purpus 6306 (type, in U. S. Nat.
Herb.; duplicate in herb. N. Y. Bot. Gard.) ; Cedar City, M. E.
Jones 5204a; Montezuma Canyon, Eastwood; rocky hills on the

San Juan, Newberry.
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PColorado: Gunnison, Aug. 16, 1901, Baker 830 (doubtful,

without flower).

New Mexico: Cedar Hill, San Juan County, Standley 7998.

Washington: Coulee City to Ephrata, June 1902, Griffiths &
Cotton 471.

Nevada: Panaca, V. Bailey 1971.

Dr. Brand excluded Gilia caespitosa A. Gray not only from the

genus but also from the family. He makes the following remark:

"Species foliis calcareo-glandulosis ab omnibus Polemoniaceis

valde abhorret; fortasse Saxifragaceis attributa est."

The leaves are by no means "calcareo-glandulosis," but merely

viscid-pubescent as described by Dr. Gray. In the type they are

covered by grains of sand, that is all. It is without doubt a species

of Gilia and probably, as Dr. Gray suggested, related to G. subnuda,

but as the corolla was unknown the placing in the genus was

uncertain. One thing is certain, it should not be placed next to

G. rigidula as it is in the Synoptical Flora. The duplicate of the

type in the National Herbarium bears a single withered and partly

torn corolla; this is trumpet-shaped and about I cm. long; the

real structure is not possible to make out, but the plant is prob-

ably related to G. subnuda.

Dr. Brand gives Micranthes diffusa as a synonym under Gilia

gracilis subspecies humulis var. micrantha, while he cites Heller

3098 (its type) under G. gracilis subsp. eu-gracilis var. eritrichoides,

which shows carelessness in identifying the different forms de-

scribed. In the Columbia University herbarium there is a dupli-

cate of Douglas's collection, which shows that Brand's var.

eritrichaides is the typical form of Microsteris gracilis (Dougl.)

Dr. Gray in his Synoptical Flora* segregated out Gilia arisUitta

from material he had previously included in Collomia linearis

subulata. The latter he regarded as the same as Collomia tinctoria

Kellogg. Notwithstanding this judgment of Dr. Gray, which

always will weigh considerably, Dr. Brand made Collomia aristella

(A. Gray) Rydb. a synonym of C. tinctoria Kellogg, while he named

C. tinctoria subulata (A. Gray) Brand from Gray's variety C.

* 2 1
: Suppl. 408. 1886.
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linearis subulata. Dr. Brand did not give any reason for this

change. Furthermore, he did not cite any specimens of his C.

tinctoria from California and I have seen no specimens of C.

aristella from that state. Of the variety subulata, on the contrary,

there are several collections from California in our herbaria.

There is nothing either in Kellogg's description or in his figure

which would indicate that Dr. Gray had made a misinterpretation.

Kellogg's figure is drawn from a young, simple, undeveloped

plant, and the peculiar branching of the var. subulata in age does

not show. Whether C. tinctoria and C. aristella should be united

into one species is another question, but in such a case the variety

subulata should have been made the species, viz., C. tinctoria

Kellogg, and C. aristella a variety thereof; and this for the follow-

ing reason
:
The variety subulata is certainly found in the type

region of Collomia tinctoria, while C. aristella apparently is not.

Seen from another standpoint, the local and more specialized C.

aristella must be regarded as the derivative of the more common
and less specialized C. tinctoria (i. e., the var. subulata).

Brand transferred Gilia sinister M. E. Jones to Collomia
without having seen the plant. This was probably because Mr.
Jones placed it in the Collomia section and compared it with G.
aristella. But Jones also made the following statement: "This has
the general appearance of G. inconspicua, but without the basal
leaves." The relationship is also with G. inconspicua. Several
of the species of that group have the calyx enlarged somewhat in
fruit; this is true in G. sinister, but it is at last ruptured by the
capsule and does not have the structure of the calyx in Collomia.
It is in my opinion a true Gilia.

Dr. Brand included a number of forms, in my judgment several
good species, under Polemonium pulcherrimum Hook. He divides
it in three subspecies, tricolor, delicatum, and parvifolium. The
first is separated by its tricolored flowers and equals P. tricolor
Eastw. The other two subspecies he separated only by the length
of the leaflets, a very poor character to use for separating sub-
species.* He overlooked the fact that in all these forms included

regarded as depauperate f
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in the subspecies delicatum, the stem is pubescent with long white

spreading hairs and the leaflets are decidedly acute, while in the

forms included in the subspecies parvifolium, the stem is merely

puberulent and the leaflets usually obtuse.

The specimens cited under the subspecies delicatum belong to

three or four different species. Those from Colorado and Utah

belong to P. scopulinum Greene and P. delicatum Rydb., which

perhaps may not be specifically distinct. Those from California

belong to P. californicum Eastw. Those from Washington and

perhaps those from Oregon to an undescribed species, characterized

The subspecies parvifolium was divided in var. a Haydenii and

var. jS pilosum (= P. pilosum Greenman). It is very hard to

interpret Dr. Brand's arrangement. He gives under the sub-

species parvifolium the following synonyms: P. parvifolium Nutt.;

P. coeruleum J. Hook.; P. mexicanum Nutt.; P. viscosum A. Gray,

not Nutt., but cited no specimens. His usage as well as that of

most European botanists is to designate the typical form by var.

a. Hence var. a. Haydenii is the typical form of subsp. parvifolium,

and still under this he has the following synonyms: P. Haydeni

A. Nels., P. montrosense A. Nels., and P. Tevisii Eastw. P. parvi-

folium Nutt. is the same as P. mexicanum Nutt. and P. viscosum

A. Gray, and is characterized by its small dense inflorescence and

its obtuse calyx-lobes, or the latter even rounded at the apex;

but it is not the same as P. coeruleum y Hook., or P. Haydeni A.

Nels., or P. Tevisii Eastw.

Polemonium coeruleum y Hook, is the original P. pulcherrimum

Hook., and this should have been made subsp. A var a, according

to Brand's system. P. Haydeni resembles it closely in flowers,

leaves and pubescence, but differs considerably in general habit

and the inflorescence.

Polemonium columbianum Rydb. sp. nov.

Perennial,[with a branched rootstock and caudex; stems several,

2-3 dm. high, viscid-pubescent with flattened hairs, and distinctly

glandular in the inflorescence; leaves 5-15 cm. long, likewise

sparingly viscid-pubescent, pinnate; leaflets 9-19, elliptic or

lance-elliptic, acute, 1.5-3 cm. long; inflorescence corymbiform-
paniculate; calyx about 6 mm. long, glandular-puberulent and
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pubescent; lobes lanceolate, acute, fully equaling the tube;

corolla 10-12 mm. long, open-campanulate, violet with yellowish

base; lobes rounded-truncate at the apex; stamens two thirds

to three fourths as long as style and slightly longer than the

corolla.

This resembles P. scopulinum Greene in habit, but is a larger

plant with much larger flowers. It grows in the mountains of

Idaho and Washington at an altitude of 1,500-2,000 m.

Idaho: Divide between St. Joseph and Clearwater Rivers, July

9, 1896, Leiberg 1205 (type, in herb. N. Y. Bot. Gard.); Wies-

ner's Peak, July 8, 1892, Sandberg, MacDougal & Heller 1049.

Washington: Wenatchee Mountains, July, 1897, Elmer 456;
Goat Mountain, Aug. 12, 1896, Allen 262; Clallam, July, 1900,

Elmer 2819; Palace Camp, 1883, Mrs. Bailey Willis.

1 (Brand) Rydb. sp. nov.

Polemonium occidentale intermedium Brand, Pflanzenreich 4250
:

33- 1907.

This I think is well worth specific rank. It is confined to the
Columbia River region of Idaho, Washington, and British

Columbia.

Dr. Brand regarded Polemonium speciosum Rydb. as a good
species. Professor Nelson on the other hand makes it a variety
of P. mellitum (A. Gray) A. Nels., which is evidently erroneous.
If it should be made a variety of any of the verticillate species
of Polemonium, it should have been of P. viscosum Nutt. or rather
of P. Grayanum Rydb., which species Professor Nelson does
not regard as distinct. P. speciosum has a short blue corolla
and subcapitate inflorescence.

HYDROLEACEAE
Hydrophyllum Watsonii (A. Gray) Rydb. sp. nov.

Hydrophyllum occidentale Watsonii A. Gray, Proc. Am. Acad.
10: 314. 1875.

Miltitzia foliosa (Jones) Rydb.
Emmenanthe foliosa M. E. Jones, Zoe 4: 278. 1893.

The Miltitzia section of Emmenanthe of Gray's Svnoptical
Flora, I think is generically distinct from Emmenanthe proper.
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and DeCandolle's genus Miltitzia should be restored. The latter

genus is represented in the Rocky Mountain region by this and

the two following species.

Miltitzia salina (A. Nels.) Rydb.

Emmenanthe salina A. Nels. Bull. Torrey Club 25: 381. 1898.

Miltitzia scopulina (A. Nels.) Rydb.

Emmenanthe scopulina A. Nels. Bull. Torrey Club 25: 380. 1898.

Phacelia orbicularis Rydb. sp. nov.

Biennial or annual; stems 1-2 dm. high, glandular-villous,

often tinged with* red, branched; leaves petioled; blades subor-

bicular in outline, crenately lobed, 1.5-2.5 cm. long, hirsute as

well as glandular; racemes many-flowered; calyx-lobes oblong

or oblanceolate, obtuse, 3 mm. long; corolla purplish, 6 mm.
long, campanulate-funnelform ; lobes crenulate; filaments about
twice as long as the corolla; seeds faveolate, crenately lobed

on the margins and the median ridge.

This is related to P. integrifolia, but the plant is smaller and

the leaf-blades shorter and broader.

Utah: Marvin Laccelite, 1894, M. E. Jones 5663 (type, in

U. S. Nat. Herb.).

Phacelia crenulata Torr., P. bicolor Torr., P. affinis A. Gray,

P. glechomaefolia A. Gray, P. hispida A. Gray, P. humilis T. & G.,

P. demissa A. Gray, P. Palmeri Torr. (not P. Palmeri Vasey &
Rose), P. pinetorum Jones, and P. pusilla Torr. have been collected

in Utah; P. glandulifera Piper and P. ramosissima Dough, in

Idaho. I cannot distinguish P. luteopurpurea A. Nels. from P.

glandulifera Piper. Capnorea incana Greene, C. nana (Lindl.)

Raf ., C. nervosa Greene, and C. Watsoniana Greene have been col-

lected in Idaho; the first one also in Montana and the last one in

Wyoming; Emmenanthe penduliflora Benth. and Eriodictyon

angustijolium Nutt. in Utah.

BORAGINACEAE
Gruvelia setosa (A. Gray) Rydb.

Pectocarya setosa A. Gray, Proc. Am. Acad. 12: 81. 1877.

I think that the genus Gruvelia A. DC. should be restored,

being quite distinct from Pectocarya. The only other species is

G. pusilla A. DC, the type of the genus.
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Professor Nelson both in the original diagnosis* and in Coulter
& Nelson's New Manualf described Lappula erecta as having the
marginal prickles in a single row, but a duplicate of the type in
the Columbia University herbarium and all specimens distributed
as Lappula erecta by Professor Nelson himself in the herbarium of
the New York Botanical Garden have a double row of marginal
prickles, the prickles of the outer row being somewhat smaller
than those of the inner.

Oreocarya pustulosa Rydb. sp. nov.

Perennial, branched at the base; stems 3-5 dm. high, glabrous
or nearly so throughout, lower leaves linear-oblanceolate, the
upper linear or linear-lanceolate, 3-10 cm. long, green, glabrous
beneath, sparingly hairy above; the hairs short and at least in age
with conspicuous pustulate bases; flowers paniculate; branches
racemose, not secund; pedicels 1-2 mm. long; sepals triangular-
anceolate, acute; corolla white; tube not exceeding the calyx;hmb 5-6 mm broad; lobes orbicular; fruit depressed-globose;
nu lets smooth nearly white, mottled with light brown, more or
kss separated from each other on the margins, often not all
maturing.

This is related to Oreocarya multicaulis (Torr.) Greene, 0.
suffruticosa (Torr.) Greene and the Mexican 0. Palmeri Greene.
It differs from the first two in the glabrous stem, green leaves, and
light nutlets, and from 0. Palmeri in broader leaves and different
habit. It grows i

1
canyons at an altitude of 1,700-2,000 1

Utah: Hammond Canyon, Elk Mountains, J,
Rydberg & Garrett 9320 (type, in herb. N. Y. Bot. Card'.); also
same locality Aug. 9, 1911, 9569; Dry Wash, southwest of Abajo
Mountains, August 10, 9590.

Oreocarya Macounii Eastw. sp. nov.
Biennial or perennial with a slender tap-roof stem slender1-2 dm high, sparingly hirsute; leaves narrowhlinear or^narrowlv

^J^S^^JVlooseJVlouMain Creek, July 6, 1880, John
• Bull. Torn? Club J7: 368. 1000.

"
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Macoun; also a specimen from Hooker's herbarium without date,

probably collected by Richardson, at Carlton House. (Both in

herb. Columbia University.)

Cryptanthe flexuosa A. Nelson is, I think, the same as C.

calycosa (A. Gray) Rydb., and C. muriculata montana A. Nels.

should be referred to C. ambigua (A. Gray) Greene, and C. Hill-

mani A. Nels. to C. Watsoni (A. Gray) Greene. C. fiaccida (A.

Gray) Greene has been collected in Idaho; C. recurvata Coville, in

Utah and Colorado.

Mertensia coriacea A. Nels. is the same as M. lanceolata

Pursh. Professor Nelson gives the range of M. lanceolata as

Colorado and Wyoming. The type came from western Montana.

M. perplexa is not the same as M. coriacea, as stated by Professor

Nelson, but belongs to the M. alpina group with subsessile anthers.

Anchusa officinalis L. and Asperugo procumbens L. have been

collected in Colorado; Plagiobotrys arizonicus (Gray) Greene in

Utah; P. tenellus A. Gray in Idaho; Cynoglossum officinale L. in

Wyoming and Montana; Eremocarya muricata Rydb. in Utah;

Lithospermum arvense L. in Utah; Mertensia brachycalyx Piper in

Idaho; M. pulchella Piper, M. nutans Howell, and M. longiflora

Greene in Idaho and Montana; Amsinckia hispidissima Suksd.,

A. retrorsa Suksd. and A. micrantha Suksd. have been collected in

Pectocarya miser A. Nels. I can not distinguish from P. peni-

cillata (H. & A.) A. DC. Eddya hispidissima Torrey has been

collected in Utah.

VERBENACEAE
Verbena remota Benth. was collected in southeastern Utah in

191 1 by Professor Garrett and myself. Verbena bipinnatifida

Nutt. is very rare in the region and V. canadensis (L.) Britton does

not occur at all. The range given in Coulter & Nelson's New
Manual is erroneous. The group is represented in the Rocky

Mountains by V. ambrosifolia Rydb., V. Gooddingii Briq., and

V. ciliata Benth.

LAM IACEAE
Lamium amplexicaule L. has been collected in Colorado;

Micromeria Douglasii Benth. and Trichostoma oblongum Benth.,
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Monarda Nuttallii A. Nels. or M. citriodora of Coulter's Manual
is Monarda pectinata Nutt.

Salvia Columbariae Benth. has been collected in Utah.

SCROPHULARIACEAE
Miss Eastwood has called to my attention that Pentstemon

acuminatus, P. humilis Nutt., and P. glaucus Graham have been
misinterpreted. P. acuminatus is a species confined to the

Columbia Valley, has a more ample corolla, perfectly glabrous

within; the tongue of the sterile filament is strongly curved and
only short-bearded at the apex. Whether the so-called P.
acuminatus of the Rocky Mountain region is a distinct species

or should be included in P. nitidus Dougl. is hard to tell. A
duplicate of the type of the latter is in the Columbia University
herbarium, but this, as well as several other specimens, does not
have the broad, abruptly acuminate bracts, characteristic of the
so-called P. acuminatus, but there is no other distinction and inter-

mediate forms are not lacking.

The original P. humilis Nutt. is, according to Miss Eastwood,
the same as P. collinus A. Nels., which therefore passes into
synonymy. Dr. Gray in describing P. humilis* makes Nuttall's
plant the type, but evidently had another plant mostly in his
mind, viz. Parry 257 and from this we have received our usual
idea of P. humilis. This probably should be known as P. albertinus
Greene,t which apparently is the same. Professor Nelson gives
P. pseudohumilis Rydb. as a synonym, but this is the same as his
own P. Owenii.

Pentstemon glaucus Graham does not belong to the group where
Dr. Gray placed it and has nothing to do with the Rocky Mountain
plant P. stenosepalus (Gray) Howell (P. glaucus stenosepalus A.
Gray), but belongs to the P. confertus group. It is evidently the
same as P. pinetorum Piper or closely related to it.

Pentstemon Macbridei A. Nels.J and P. perpulcher A Nels are
apparently P. Cusickii A. Gray and P. unilateral Rydb., respec-
tively^A duplicate of the type of P. Cusickii is in the herbarium
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of Columbia University. The type of P. unilateralis is in that

of the New York Botanical Garden. Recently botanists have

overlooked the fact that in P. speciosus the anthers are perfectly

glabrous and not short-bearded as in P. glaber. Dr. Gray over-

looked the fact that Pentstemon humilis Nuttall is a member of

the P. erianthera group and closely related to P. miser A. Gray,

and placed it near P. caespitosus Nutt. Gray's two varieties of P.

humilis, however, have nothing to do with it, and belong to the

P. caespitosus group. The variety Thompsoniae has been already

raised to specific rank and var. incanus is probably a form of it.

Pentstemon Leonard! Rydb. sp. nov.

Low perennial, suffruticose at the base; stems 1-2 dm. high,

leafy, glabrous or minutely puberulent; leaves oblanceolate, 2-4

cm. long, short-petioled, glabrous; inflorescence short and often

somewhat secund ; calyx glabrous, about 6 mm. long; lobes lanceo-

late, acuminate, not scarious-margined ; corolla 12-15 mm. long,

rose-purple, only slightly ampliate, glabrous within; anthers

horseshoe-shaped, saccate, opening only on the proximal one

third, hispidulous on the margins of the pores, otherwise glabrous.

This belongs to the P. azureus group and has been confused with

P. Kingii, but the leaves are broader and glabrous, the corolla

less ampliate, the sepals not glandular and more acuminate. It

differs from P. platyphyllus in the low habit and the smaller ob-

lanceolate leaves.

Utah: Diehl's Grove, Wahsatch Mountains, Aug. 1, 1884,

Leonard (type, in herb. N. Y. Bot. Gard.); Deer Creek, M. E.

Jones; Wahsatch Mountains, July, 1888, /. H. Paul; Central Utah

1875, Parry 72.

Idaho: Franklin Basin, Bear River Range, July 24, 1910,

C. P. Smith 2278.

Mimulus Eastwoodiae Rydb. sp. nov;

Mimnlus cardinalis Eastw. Bull. Calif. Acad. II. 6: 312. 1896.

Not M. cardinalis Dougl. 1842.

Perennial, with rootstock and stolons; stem 1-2 dm. long,

viscid-villous; leaves sessile, coarsely dentate, viscid-villous, 3-5-

ribbed, sessile, 2-5 cm. long, the lower cuneate and truncate,

the upper obovate or broadly oblanceolate and ;

cm. long, rooting a
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long; flowers mostly solitary; pedicels 1-4 cm. long; calyx nar-

rowly funnelform, strongly 5-angled; lobes nearly equal, lanceo-

late, about half as long as the tube; corolla crimson, 3-4 cm. long,

scarcely ventricose; anthers sparingly bearded.

This is related to Mimulus cardinalis, to which Miss Eastwood

referred it with some hesitation. She also pointed out the low

habit and more sharply toothed leaves, but did not notice the

most striking feature of the plant, viz., its stolons, which are sent

out after blooming. By means of these the plant, growing as it

does in crevices of perpendicular or overhanging cliffs, can propa-

gate itself in every direction. Wherever a stolon touches the rock

and the root can get a foothold, a new plant is formed, even under

the overhanging rocks. In the latter case the plantlet formed will

be growing, the following year, with the roots up and the flowers

Utah: In cervices of perpendicular or overhanging rocks,

along San Juan River, near Bluffs, August 25-29, 191 1, Rydberg

9883 (type) ; also the same locality, Miss Eastwood.

Veronica Buxbaumii Tenore has been collected in Utah and V.

arvensis L. in Idaho. Veronica peregrina L. is not found in the

Rocky Mountain region. All specimens so named from there

belong to V. xalapensis H. B. K. Antirrhinum Cooped A. Gray
and A. Kingii S. Wats, have both been collected in Utah; Mon-
niera rotundifolia Michx. in Montana; Gratiola ebracteata Benth.

in Montana and Idaho.

Triphysaria hispida (Benth.) Rydb.

Orthocarpus hispidus Benth. Scroph. Ind. 13. 1835.

In the genus Cordylanthus [Adenostegia] Coulter & Nelson*

have transposed the color characters of the corolla of C. Wrightii

and C. ramosa. Adenostegia capitata (Nutt.) Greene has been
collected in Idaho and A. canescens is common around Great Salt

Lake. Cordylanthus bicolor A. Nels. is evidently the same as

Adenostegia ciliosa Rydb.

Castilleja subcinerea Rydb. sp. nov.

Perennial with a branched short caudex; stems 3-5 dm. high,

t-strigose, stout; leaves more or less canescent, strongly



Rydberg: Studies ox the Rocky Mountain flora 4S5

3-ribbed, 5-7 cm. long, the lowest entire, linear, the upper 3-cleft;

bracts broadly cuneate in outline, 5-7-cleft, canescent, the lower

grayish green, the upper tinged with yellow and often brown-
tipped; calyx canescent, 2.5 cm. long, equally cleft above and
below, each lobe 2-cleft; corolla greenish yellow; upper lip 9 mm.
long; the lower about 3.5 mm. long, slightly saccate.

It may be related to the C. hispida group, but the plant is

grayish strigose, and the bracts yellow-tinged.

Idaho: Beaver Canyon, June 28, 1895, C. L. Shear 3041 (type,

in herb. N. Y. Bot. Gard.) ; also 3038; mountains near Indian

Creek, July 21, 1897, Rydberg & Bessey 4q6q (at least in part).

Euphrasia mollis (Ledeb.) Wettst. has been collected in Mon-

tana; Pedicularis lanata Willd. and P.flammea L. in the Canadian

Rockies; P. Oederi Vahl in Montana and P. centranthera A. Gray

in Utah and Colorado.

OROBANCHACEAE
Thalesia purpurea Heller, T. minuta (Suskd.) Rydb. and T.

Sedi (Suksd.) Rydb. have been collected in Montana and northern

Idaho, and Myzorrhiza pinetorum (Geyer) Rydb. in Idaho.

LOBELIACEAE
Howellia aquatilis A. Gray and Heterocodon rariflorum Nutt.

have been collected in Idaho and Nemacladus ratnosissimus Nutt.

in south Utah.

New York Botanical Garden.





Observations on the geographical composition of the Sugar Grove

flora
*

The Sugar Grove area is one of those places which are sometimes

found where the botanical interest of a large region may be said

to come to a focus. Not only do the plant associations, both

upland and lowland, characteristic of eastern Ohio reach their

climax here as nowhere else but about one plant in eight of the

native flora, nearly one hundred and twenty in all, reaches here the

edge of its range. These include species stretching away in every

direction, north, south, east, and west. A study of the ranges of

these plants shows that the area is the key to an understanding of

the plant geography of Ohio.

This region is a narrow strip of very rough and rugged sand-

stone country extending from near the town of Sugar Grove,

Fairfield Co., Ohio, southward for about twenty miles to the

canyon of Queer Creek east of South Bloomingville, Hocking Co.

Its position is roughly indicated by an ellipse in figures i, 2.

It is located at the end of the long lobe of the Alleghenian floral

area which Merriam'sj map shows stretching into northeastern

Ohio, a location which of itself marks it as an interesting region.

It has been long known as an exceedingly rich collecting ground

and contains an unusual number of rare plants not found else-

where in Ohio.

In most of the published work on plant geography the area

considered is divided into zones which are plotted on the map.

Although the boundary lines of the zones are always difficult to

settle, this method reaches results satisfactory to the geographer,

who is primarily interested in subdividing the area of the earth.

Not so however to the botanist, who is interested in plants rather

* Contribution from the Botanical Laboratory of the Ohio State University
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than in areas. For by this method no locality can be possibly

assigned to more than two zones whereas the flora of most regions

is composed of numerous groups of plants of diverse affinities.

The adequate representation of these requires not one but many
maps each portraying a typical range. In the present paper an
attempt is made to treat the Sugar Grove flora in this fashion.*

It is however very difficult to secure the data necessary for

a consideration of plant ranges and the results are necessarily

crude in consequence. There has been as yet almost no exact

research into the ranges of North American plants. Only in the

case of a few specially interesting species has any great effort been
made to ascertain the facts of distribution. The ranges assigned
to our plants in the manuals, even the most careful of them, are

to a considerable extent the result of tradition and guesswork
and are frequently far from accurate, while in works like Hough's
Trees, which is almost the only general work that has attempted
to map ranges, the maps given are so inaccurate as to be almost
useless for detailed work. The importance of reliable data of this

sort may be brought out by an example. The chestnut, Castanea
dentata, whose distribution is much talked of just now in estimates
of the probable damage to be expected from the chestnut blight,
Endothia parasitica, is usually givenf as occurring over all of Ohio
except the extreme northwest corner and much of Indiana. But
in reality* it is confined to the vicinity of the Lake Shore around
the western end of Lake Erie, is entirely absent from western Ohio
but occupies eastern Ohio and stretches through the southern part
of the state into southern Indiana—thus lessening the area
susceptible to damage by the blight by something more than
10,000 square miles.

The labor involved in determining accurately the range of a
single plant is not inconsiderable. Therejsnot a single herbarium

* For his conception of this point of view and for the ideas which are stimulated
and exchanged during many friendly discussions as well as for more specific sug-
gestions the writer is very greatly indebted to Professor M. L. Fernald of the Gray
Herbarium. For a discussion of the flora of Newfoundland from this point of view
see his " Botanical Expedition to Newfoundland and Southern Labrador," Rhodora
13:135-162. ion.

tSee map opp. p. 28 in Rep. Pennsylvania Chestnut Blight Conference.
Harrisburg, 1912.

t See map opp. p. 180, 1. c.
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in the country large enough in itself to supply the data for a

rough approximation of the range of even our better known species.

He who would accumulate information of this sort must visit half

a dozen herbaria to get even a general view of the ranges of our

common plants. Recourse must also be had to numerous local

floras, where such are available, and the correctness of their

identifications must be taken on faith. Moreover even our best

known species have not been collected enough as yet to supply
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satisfactory data as to their distribution and there are still

hundreds of species the very characters of which are not yet

understood.

The difficulty of getting adequate data for such work at present

may be illustrated from Fernald's careful paper cited above, in

which Thuja occidentalis is mapped as barely reaching Ohio whereas

it occurs over the central and south central part of the state as

far as Delaware, Champaign, and Highland counties; Aster macro-

phyllus likewise is found over northeastern Ohio to Hocking
county, although it is given as barely touching the northeastern

corner of the state. These illustrations are not cited in any spirit

of criticism but at once to call attention to the importance of local

work of this sort, and to forestall criticism of the maps given

herewith, which are probably equally faulty.

It has seemed wise not to indicate the edges of the ranges but
rather to show known stations. Those stations from which the

writer has seen a specimen are marked with a "bullseye" while

those which were compiled from the literature are marked by a
circle without the central dot. The maps are thus capable of

indefinite extension as more stations are found or more specimens

Fortunately for the purposes of this paper we have in the state
of Ohio, thanks to the energy and enthusiasm of the late Dr. W. A.
Kellerman, a Very representative state herbarium which is indexed
by counties after the fashion of the state maps herewith repro-
duced. Although by no means complete as yet these maps enable
one to learn relatively accurately the distribution of the flora over
the state simply by glancing at the index. Curiously enough the
distribution in Ohio often gives almost no clue as to the range
of a species. Thus Populus heterophylfo is confined to the northern
half of Ohio but in Indiana it is confined to the southern portion f

On further examination its range is found to be the Atlantic
coastal plain from southern Connecticut around the Gulf coast
and up the Mississippi and Wabash River systems to the basin
of Lake Erie.

One's general expectation concerning plant distribution is,

that being controlled by climate, the termini of the ranges follow
the parallels of latitude in a general way, crossing the state from
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east to west. In Ohio, however, the reverse is the case; most of

the termini run in north and south lines. As one examines the

card catalog he soon finds several types of distribution that are of

frequent occurrence. By far the most common of these covers

the northeastern quarter of the state extending south to the present

area along the lines of Merriam's map. This may be illustrated

by the distribution of Lycopodium in Ohio (fig. i). Almost as

conspicuous is a second group which extends north from the Ohio

River and occupies a triangular area with its apex at Sugar Grove.

The sorrel-tree, Oxydendrum arboreum, is a typical example (fig. 2).
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Each of these when the whole range of the plants concerned is

taken into consideration is found to be a composite of several types

of distribution. These together with others belonging to types

not so conspicuously homogeneous within the state may be

classified as follows:

A. Alleghenian plants on the southwestern edges of

THEIR RANGES.

Type range, Betula lutea (fig. 3).

Fig. 3. Range of Betula lutea.

This list includes beside the Alleghenian plants which go no

further west than the Lake Superior region, some Canadian

plants which stretch across the continent. Though these are

more northerly and fewer of them reach Ohio, the ranges of those

that we do have are so similar to the Allegheny type that they are

inseparable. Capnoides sempervirens (fig. 4) and Cornus canadensis,

which terminates about twenty miles north of our area, are typical

examples. Although this is a very homogeneous group of plants,

conforming very closely to the typical range, many of them are

also found in outlying stations far removed from the main range,

as for example Blephariglottis lacera and Tsuga canadensis. There
is also a tendency which may become more evident when more
collections are available, for some of them to extend into south-

western Ohio and southern »Indiana, e. g. the chestnut. This
list includes 39 species as follows:
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Range of Capnoides

Achroanthes unijolia

Aster macrophyllus

Betala lutea

Blephariglottis lacera

Capnoides sempervirens

Chimaphila maculata

Chrysosplen

Circaea alpi

:um acaule

Cypripedium reginae

Epigaea repens

Fraxinus nigra*

Gatdtheria procumbens

Gentiana crinita

Isotria verticillata

Juncoides s altuensis

Lycopodium clavatum

Lycopodium complanatum

Lycopodium lucidulum

Lycopodium lucidulum pore

philum

Lycopodium obscurum

Lysias orbiculata

Lysimachia quadrifolia

Melampyrum lineare

Panicularia elongata

Panicidaria pallida

Parnassia caroliniana

Polygonum arijolium\

Pyrola elliptica

Pyrola rotundifolia

sngs in group F. but I follow Hough's
th of Columbus,

t Too widely extended in Indiana and
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Rubus odoratus

Rynchospora glomerata

Sambucus pubens

Saxifraga virginiensis

Trollius laxus

Tsuga canadensis

Unifolium canadense

Viola rostrate.

B. Appalachian and New England species on the western
edges of their ranges (reaching Maine but not extending
west of Lake Erie)

.

Type range, Sericocarpus

s separating this group of plants from the preceding
and following categories are somewhat arbitrary, fhere are many
plants of evident boreal affinities which are now confined to the
Appalachians. Their ranges form a continuous series between
the typical Alleghenian, extending from Newfoundland to Lake
Superior, down to those like Abies Fraseri and Tsuga carolijiiana
which are confined to a small area in the highest part of the
southern mountains. Those which reach Ohio, however, seem to
fall rather naturally into the two categories here listed. Those of
the first group number 14 and include:

Aster divaricatus

Carex costellata

Castanea dentata

Dasystoma laevigata

Eatonia nitida

Hieracium paniculatum

Kalmia latifolia

Panicularia acutiflora

Pinus rigida

Quercus Prinus

Rhododendron maximum
Sericocarpus asteroides

Viola rotundifolia.
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C. Appalachian plants (from southern New York or Con-

necticut to Ohio and south through the mountains).

Type range, Asplenium montanum (fig. 6).

These ranges are in some cases difficult to distinguish from

those of the Carolinian plants because their northern boundaries

nearly coincide and because of the tendency to spread through

southern Ohio into Indiana toward the Ozarks. In such cases the

general affinities of the plant have been the criterion for decision.

Thus Aruncus Aruncus is placed here because the same or a closely

related species is found on the Pacific coast to Alaska thereby

clearly indicating its boreal affinities although its distribution in

the eastern United States is apparently clearly Carolinian. We
have 12 plants belonging to this category as follows:

Aruncus Aruncus Phlox stolonifera

Asplenium montanum Phacelia dubia

Asplenium pinnatifidum Pinus virginiana

Azalea lutea Silene rotundifolia

Cardamine rotundifolia Stachys cordata

Oxydendrum arboreum Viola hirsutula.

D. Carolinian plants on the northern edges of their

ranges.

Type range, Passiflora lutea (fig. 7).

These are typically plants of

southern or even subtropical

affinity whose northern limits

are largely determined by lati-

tude. As might be expected,

there is no such uniformity in

the northern ranges of these

plants as in those of the first

group ; Ilex opaca, Quercus mary-

landica, and Liquidamber Styraci- FlG 7 Range of Passiflora lutea.

flua, though members of this

group, just reach the southern extremity of Ohio and do not

come within 75 miles of Sugar Grove. The typical members of

this group extend straight across the country at about the latitude

of Philadelphia, but there is a strong tendency in many Carolinian

like Andropogon virginicus (fig. 8) to extend 1 the coastal
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plain through'New Jersey to Long Island or even to Massachusetts.
These are starred (*) on the list. The coastwise distribution f of
such plants finds its most striking exemplification in the occurrence

Range of A ndropogon

of such a plant as Schizaea pusilla in N
Carolinianjplants which terminate at Suga
and include:

*Andropogon virginicus

AraUa spinosa

*Aristida dichotoma

*Asclepias variegata

*Ascyrum multicaule

*Betula nigra%

Blephariglottis paramoena
Carduus virginicus

Ckrysopsis Mariana
Cunila origanoides

Dentaria heterophylla

Diospyros virginiana

Eupatorium aromaticum

Eupatorium coelestinum

*Eupatorium rotundifolium

vvfoundland.t The

Hydrangea arborescens

Iris cristata

Koellia incana%

*Lechea racemulosa

Lobelia leptostachys^

Lobelia puberula

Napaea dioica%

Panicum polyanthes

Panicum stipitatum\

Passiflora lutea

Porteranthus stipulates^

Quercus minor

*Solidago erecta

Stylosanthes biflora

Trichostema dichotomum%

Trifolium reflexum%
* pending "P the coastal plain into Long IsIanT^ewEnglan^

n^xs^oT^L
to Long Island and vidnit- Trans

-
n y

-
A-d -

t See Fernald, 1. c.

§ Not typical Carolinian plants. Of thn«P m«,*~i *._- *,_„. . _ .
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E. MlSSISSIPPIAN PLANTS ON THE EASTERN EDGES OF THEIR RANGES.

Type range, Isopyrum biternatum (fig. 9).

Range of Isopy,

These are mostly plants characteristic of the great forest which

ce covered the Mississippi Valley and number 15 including:

Isopyrum biternatum

Psoralea Onobrychis

Quamasia //.

Smilax ecirrhata*

Valeriana pauciflora*

Veratrum Woodii

Aesculus octandra*

Afzelia macrophylla

Asclepias Sullivantii

Bidens aristosa

Brauneria purpurea*

Dodecatheon Meadia*

Fraxinus guadrangulata

Hypericum Drummondii

F. Plants on the southern edges of their ranges.

Type range, Scutellaria galericulata (fig. 10).

This appears to be a miscellaneous aggregation without much

similarity in range except that they are northern but not moun-

tain plants. Probably further study and comparison would dis-

cover common characteristics as conspicuous as in other groups.

Some of them like Anemone canadensis are bounded by the Basin

ew York. Lobelia leptostachys also is not known
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of the Great Lakes. Others like Salix amygdaloides have a wide
distribution westward but taper eastward in a triangular area
with its vertex in western New York, thus conforming to Harsh-

berger's* map of the Ohio-Tennessee area. 9 plants have been
classed here as follows:

Anemone canadensis Salix amygdaloides
Cornus stolonijera Saxijraga Pennsylvania
Dasyphora fruticosa Scutellaria galericulata
Pedicularis lanceolata Solidago juncea.
Popidus tremuloides

In addition to those given above there is one anomalous case
which fits into no natural geographical range which I can discover.
Viburnum dentatum comes down to our area from the northeast
and meets Viburnum molle which comes up from the southwest.
The characters which separate these species moreover do not hold
in this region. It is evident therefore either that we do not under-
stand these species and have only one of them even though there
is a distinct variation from one part of the state to the other, or
that they are not good species.

The presence at one place of so many species on the edges of

E r,
*» a

7
hberger

' ^ '" Ph^^eo^Phic W^T^TZnerica. VegTdTr
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their ranges affords a favorable opportunity to study also their

behavior. Are they rare or abundant? Does their reproductive

apparatus function normally? Do those plants on their northern

edges behave differently from those on their southern? The

eastern from the western? Is it possible to assign any reasons

for the location of their termini here rather than fifty or a hundred

miles beyond? These questions will be considered in a following

paper.





The culture of cereal rusts in the greenhouse

F. D. Fromme

The desirability of maintaining cultures of parasitic fungi on

the living host in the greenhouse for purposes of study and physio-

logical experimentation is obvious, particularly so with those obli-

gate forms that cannot be cultivated on artificial media. Methods

of culture of the powdery mildews of the grasses and other

members of the Erysiphaceae, and of a species of Cystopus, etc.,

Peronosporaceae, have been placed on an exact basis by the work

of Reed (28, 29) and Melhus (23). No exact data of this nature,

however, are available for the rusts. Although a vast number of

infection experiments on this group have been made in recent years,

these have dealt only incidentally with conditions governing spore

germination, infection, and spore formation, and in many cases

our knowledge on these points is based on field experiments con-

ducted under conditions not subject to rigid control. There are

a great many scattered details in the literature as to conditions

affecting the development of the rusts. I shall summarize only

those that bear more especially on the problems of growing rusts

in the greenhouse.

Smith (33) found that dew is of more importance in determining

the prevalence of asparagus rust than rainfall. When little dew

is formed infection cannot occur and sporulation may be checked,

or altered, with a substitution of the teleuto for the uredo stage.

This may occur in midsummer on the vigorously growing host as

the result of excessive atmospheric dryness. He states, moreover,

that abundance of soil moisture, instead of favoring rust develop-

ment, acts as a check by giving the host greater vitality. This is

in agreement with earlier observations by Stone and Smith (34,

35). They found asparagus beds on light, dry soil heavily rusted

while those on heavy-, moist soil were comparatively free from

rust. Sirrine's (32) observations also support the conclusion

that dew is the most important agent in the spread of asparagus

501
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Morgenthaler (25) finds that mechanical injury of the leaves

of the host favors teleuto as compared with uredo formation in

the case of Uromyces Veratri. Tischler (36) found that shoots of

Euphorbia Cyparissias infected with Uromyces Pisi became free

from the rust mycelium when grown in a warm (25-27 C.)

greenhouse.

Many factors doubtless influence the germination of rust

spores. They frequently germinate in a few hours after being

placed in water, as noted by de Bary. Often, however, though
collected fresh, they fail to germinate for no apparent reason.

This "capricious" germination has been noted by a large number
of careful observers, and Eriksson, because of this uncertainty,

does not consider the aecidiospores of the rusts of the cereals im-
portant factors in their dissemination. Schaffnit (31) explains

this "capricious" germination on the ground that unless the
spores are mature internally before detachment from their stalks

they are incapable of germination. Complete maturity is at-

tained only at a sufficiently high temperature (20°-25°) in an
atmosphere calm enough to prevent their premature detachment.
These conditions are not always realized in nature, hence the
lack of uniformity in the results of germination tests.

Freeman (13) and Klebahn (19) both have found that spores
which germinate poorly in water may produce an abundant
infection on the host, and therefore argue that germination tests
are not conclusive unless conducted on the host. Klebahn states
that aecidiospores of Peridermium Strobi germinated slightly
or not at all in water, very vigorously on the Ribes host and less

vigorously, but abundantly, on a decoction of Ribes. Sappin-
Trouffy (30) likewise noted a marked difference in the germination
of aecidiospores of Coleosporium Senecionis in water and in a
decoction of Senecio vulgaris. Schaffnit (31) on the other hand,
obtained no increase in host decoctions over the germination
in water nor any effect attributable to a mechanical excitation
by the substratum. Marshall Ward (37), was unable to find any
effect of raw or cooked extracts of various bromes on the germina-
tion of the uredospores of Puccinia dispersa.

The effect of various chemicals
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(see table i) has determined 'the inhibiting action of different

concentrations of various acids and salts on the germination of

aecidio- and uredospores of P. graminis. Carleton finds that com-

pounds containing Hg, Cu, Fe, Pb, Cr, and strong acids inhibit

the germination of uredospores of Puccinia rubigo-vera, P. graminis

and P. coronata and that those which contain O, Na, K, Mg, S, C,

and XH 3 in large proportions are favorable to germination.

The effect of temperature on spore germination has also

received attention. Eriksson (9) found that aecidiospores of

Aecidium Berberidis, A. Rhamni, and Peridermium Strobi and

uredospores of Puccinia glumarum, P. graminis and P. coronata

often germinated more readily at a few degrees below zero C.

and on melting ice than at higher temperatures. Uredospores of

P. dispersa according to Marshall Ward (37) germinate after

freezing in ice for ten minutes. He attributes any increase in

vigor obtained in this way to the drying action of the freezing

and not to the low temperature. They germinated also at 27

but failed to do so at 30 and were killed at 65 to 70 . The
optimum is near 20 . They germinate readily, if the spores are

properly ripened and fresh and the temperature does not rise

above 25 , in light, darkness, or red light, but less readily in blue

light. Gibson (14) reports tests with uredospores of Puccinia

Chrysanthemi as follows: Fifty per cent germination at 6°-6.5°,

free germination between 7 and 21 , all at 2i°-25°, one eighth

at 24°-25°, and none at 30 . If kept dry at 35 for eighteen hours

and then removed to 17 they germinate freely. Johnson (18)

has determined the minimum, optimum, and maximum tempera-

tures for germination of uredospores of the cereal rusts. These

are: for Puccinia graminis on wheat, oats, and barley, 2° to 31 ;

for P. rubigo-vera on rye, 2°-30°; and for P. coronata on oats, 7°-8°

to 30 . The optimum was determined by the general vigor of

the germination tube and for all forms studied lies between 12

and 1

7

. This is somewhat lower than for P. dispersa as deter-

mined by Marshall Ward. Johnson suggests that these low

cardinal temperatures may explain the difficulty of obtaining

infections in very warm greenhouses and on hot summer days

and may account for the observation that rust epidemics are

favored by subnormal temperatures at critical infection periods.
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The length of time during which uredospores of P. graminis

retain their vitality was found by de Bary (3) to vary between

one and two months, while the aecidiospores of the same form lost

their color and capacity for germination in one month. Marshall

Ward (38) obtained germination with uredospores of P. dispersa

after having kept them in a dry state for 61 days. Miss Gibson

(14) reports a germination of 25 per cent, with uredospores of P.

Chrysanthemi after storage of 71 days but none a week later.

One aecidiospore of a sowing of Phragmidium Rosae-alpinae

germinated after storage of 82 days. Barclay (2) found uredo-

spores of some forms capable of germination during periods of

from two to eight months (see table i) in the Himalayas.

Bolley (5) obtained a 5 per cent germination with uredospores of

P. graminis after exposure to air and sunlight during the month of

August.

Many observers have shown that various rusts are able to

winter over in the uredo stage in some regions, but these data do

not involve the determination of the actual time during which the

spores are viable.

Gibson (14) has shown that a large number of uredospores will

germinate on the leaves of the wrong host and that their germ
tubes will enter the stomata without, however, producing an

infection. In these cases the end of the germ tube dries up in

the substomatal chamber without further development. Because

inoculation does not always result in infection, Marshall Ward
(37) would distinguish sharply between these terms which are

often ^used interchangeably. The passage of the germ tube into

the host should be spoken of as inoculation and the subsequent

development in the tissue of the host as infection. Pole Evans

(11) has investigated the entrance of the germ tubes of uredospores

of P. graminis, P. glumarum, P. simplex, and P. coronifera into

the stomata of their respective hosts and the establishment of the

mycelium in the tissue of the host. The uredospores germinate

within twenty-four hours and the infection is well established by
the third day. When the germ tube reaches a stoma it forms a

swelling or appressorium directly over it. A branch from the

appressorium next enters the stomatal slit and forms a large vesicle

in the substomatal chamber into which the contents of the appres-
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sorium and germ tube are poured. One or more infecting hyphae

are now sent off from the substomatal vesicle and these imme-

diately establish connections with the surrounding host cells by

means of haustoria. The early stages of development and the

position and shape of the substomatal vesicle, and the number of

infecting hyphae arising^from it, are morphological distinctions

between the different species.

In the rusts the period between inoculation and sporulation is

known as the incubation period. This apparently varies some-

what with different species but the normal range for the uredo as

reported by a number of authors lies between eight and twelve

days. Marshall Ward has noted that the normal incubation

period is shortened during clear sunny weather and Iwanoff (16)

found that shading delayed aecidium-formation in P. graminis.

What stimulus, or stimuli, determine the entrance of the germ

tube into the stomata of the leaf has not been established. It is

perhaps most generally held that the host exerts a chemical influ-

ence on the germ tube. If this is true it is apparently not a specific

influence, since germ tubes have been shown to enter the stomata

of quite the wrong host. Massee (22) endeavored to demonstrate

a positive chemotropism but was unable to eliminate the effects

of hydrotropism from the experiment. Marshall Ward (37) has

noted an apparent heliotropic curvature in the germ tubes of P.

dispersa. Balls (1) placed uredospores on a rubber film provided

with small holes. Laboratory air was on one side of the film while

the air on the other side was saturated with moisture at 23 . The

germ tubes entered the holes and grew through into the region of

higher pressure of water vapor. He believes that growth towards

greater moisture will explain the entrance of the germ tube into

the host.

A recent article by Melhus (24) on the culture of parasitic

fungi deals with the culture of P. Helianthi, P. coronata, P. graminis

and P. Sorghi. The methods employed by him consist in spraying

the plants to be inoculated with a spore suspension, covering

with a hood and placing in a refrigerator or humidity-box for

twenty-four hours, at 14° for P. Helianthi, 16 for P. coronata, and

1 8° for P. Sorghi. He finds that P. coronata will not maintain itself

even though supplied with plenty of host material. It is more
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difficult to hold in culture than the sunflower rust, a fact which is

attributed to the slower growth of the oat plants. Reinoculation

is necessary about every three or four weeks. P. Sorghi is more
easily cultured than the cereal rusts and Melhus has propagated it

both winter and summer. The amount of infection increases as

the corn plants grow larger and the fungus spreads from one culture

to another by natural agencies.

I have tabulated the principal recorded observations on the
influence of various conditions on spore germination and develop- .

ment in the rusts in table i. These scattering and somewhat
fragmentary records illustrate the incompleteness of our knowledge
of I

Preliminary experiments were made to determine how long
single infections would maintain themselves under greenhouse
conditions and whether they would self-propagate to any extent.
The rusts used were Puccinia dispersa Erikss. on rye and Puccinia
coronifera Kleb. on oats. The seedlings were grown in 5-inch
pots and infections were secured by atomizing them with a uredo-
spore suspension followed by covering with a bell jar for twenty-
four hours. The incubation periods for both forms averaged about
twelve days in this preliminary work. The infections secured
maintained themselves for about two weeks after the first ripening
of the pustules. After this time the number of pustules visibly
decreased through withering and dying off of infected leaves and
eventually the cultures became entirely free from infection. Close
association of non-infected with infected plants did not produce
new infections. No marked difference in susceptibility between
old and young plants was apparent but the younger were found
more desirable for inoculation because their greater compactness
facilitated uniform covering with the spray.
My further experiments were planned to meet various require-

ments. First a method to

5ible constant virulence, with the few

maintain cultures of as nearly-

extended periods
necessary transfers,

tested out. Such a method is
suited, for example, to test the possibility of maintaining the rust
for long periods in the uredo stage and for the study of the effects
of such conditions of growth on its virulence, incubation period,



TABLE I

te —
Conditions influencing spore germination and development

Tem
?!!!!

u

r

r
! «_ Chemicals*

JS. - _ v_ Length of incu-

Inhibiting

i

ii

i

ii

DeBary

Wiilluich

+ after
%

I. KNOs
o.s NasCOs

o.i CiH«0i
o.i H*SO«
o.i HC1
o.i FeSO*

o.'oi CuSO«
o.ooi HgCh

1-2 IllCJJlLllS

20-21°

Puccinia graminis Shading

Dry

"Capri-

i

|

|

accelerate o.oi FeSCn
o.ooi ZnSCu

1
!



Conditions i, fluencing spore germination and dev i,,,,,,,,,,

Species of rus,
iY.nn,.:,,,,,, ( boric* :

„„ — V^ SCS&
W. Opt. Max.

V
ZT

i

lnSk ,-m';::',

Puccinia graminis I

II

II

II

II

II

II

II

II

II

II

II

Johnson

Carleton

Carleton

Melhus
M.-llms

M.-lluis

Bolley

Ward

Smith

0.001 CuS04

0.0001 HgCI 2

Puccinia graminis

•5- big
Puccinia rubigo-vera Na

Mg
s
Ca

Hg
Cu
Fe
Pb
Cr

Alka-

loids

Puccinia graminis

Puccinia coronala

Puccinia coronala

1
8°

hldw
<i,mthi

I'u,< inm ruhigo-vera

vsPuccinia dispersa •-"* 200 *-"' CO* as
(;<„.<!

and in red or

blue light
Puccinia dispersa

I'ucciniii \ ^paragi



S,.„iv

= ~ -

Sp«*.rfn»

.:,';:; *- — ^^r
Length of inc.,

""""'" „ period

Phragmidium Rosae-alpinae

II

I

I

I

II

Jacky

Die*,

Klebahn

kk-balm
Sippin-

Tischler

Barclay

6-6.5 U-25 |25-30

+ after exposure to
- 25° in open

+ after breaking out

Germ 82 davs

host

,.,„

J'/iravt,n,iiumobtusum

1

Peridermium Strobi

^atr'"
Fair A- 5 weeks

Peridermium Soroueri
Coleosporium Senecioni.,.

-=*»«.UromycesPisi

b

a"u'

Uredo BupUuri

3 mo! 17 d.

Undo Gomphrenatis :.:::::::::

i", i Hlnituu- . .

Uromyces Vossiae

/'.»'

== ;;;;;;;;;

::::::

.
|

Imi/jtP»cetn^fimculosorum....
1



510 Fromme: The culture of cereal rusts

etc. It was found that it was necessary to transfer the infection

to new cultures once a month. Five ripe, oval pustules were

selected for each inoculation . The spores from these were removed

with a scalpel and immersed in 25 c.c. of water in the bottle of the

atomizer. This was then shaken vigorously to secure uniform

distribution of the spores before application and the culture was

subsequently covered with a bell jar for twenty-four hours.

"Spring" rye and "Kherson" oats were used exclusively. About

twenty-five seeds were sown to a 5-inch pot.

Six transfers at intervals of a month were made. At first

seed for the next culture were sown two weeks prior to the date

set for transfer, but a further simplification of method was secured

by sowing a month prior to inoculation. Thus sqwing and transfer

could be made at the same time. Plants were a month old when
inoculated and two months old when abandoned.

Well-infected cultures on both oats and rye were maintained

for six months in this way. No attempts were made to measure

exactly the degree of infection secured but the pustules were

seemingly as numerous at the end of the period as at the beginning.

Germination tests of spores in drop cultures made at various times

gave 50-75 per cent, germination in six to twelve hours. The
incubation periods during the six months were quite uniform.

Twelve days was the longest incubation period recorded and ten

days the shortest.

Cultures made in this way show relatively few sori. The
method provides for maintenance of a rust culture but it does not

provide an abundant supply of infected plants at all times.

During the incubation period the pustules have disappeared from
the old cultures and have not matured on the new ones. To have
abundantly infected plants continuously available the following

method was used. Transfers were made once a week instead of

once a month. Since two weeks were required for complete ripen-

ing of the pustules it was necessary to run alternate series of host
cultures. One series was ready for transfer one week and the other
series the week following. Seeds for subsequent cultures of each
series were sown at the time of inoculation and the seedlings were
thus two weeks old when the rust was transferred to them.
Cultures of P. coronifera have been maintained for eight months
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by this method and the fungus has gone through thirty-seven

generations of the uredo stage with no decrease in.virulence.

It was soon found that even more simple methods of inocula-

tion are equally if not more efficacious than the application of

spore suspensions with an atomizer. The plants to be inoculated

are first thoroughly atomized with water. A well-infected culture

pot bearing fully ripe pustules is then held in a horizontal position

immediately above them and given a vigorous shaking. The

spores that fall from above are caught in the small drops of water

provided by the spray. If the culture used is heavily infected the

falling spores may be seen as yellow clouds. The inoculated plants

are then covered for twenty-four hours. Four pots of seedlings

can be inoculated simultaneously from the same culture and a

uniform degree of infection secured on all four by placing them

close together and holding the culture somewhat higher than for

inoculating a single pot. It was found that spraying prior to

inoculation could be dispensed with but the pustules secured were

somewhat less numerous than when the spray was applied. To
secure the best results the culture used for transfer must be heavily

infected and the transfer made shortly after the ripening of the

pustules. If transfer is delayed more than a week after sporula-

tion begins, inoculation with a spore suspension must be resorted

Very numerous and uniformly distributed pustules were se-

cured and maintained by this dry -spore method of inoculation.

The approximate number of pustules per plant in a culture was

determined in the following way.
' For facility in counting the surface area of the pot it was divided

into smaller areas with strips of cardboard. The number of

plants and infected parts on each of the smaller areas was then

easily ascertained. Ten plants were then taken at random from

the culture, removed to the stage of a binocular, and the number

of pustules on the infected parts determined. Table ii shows the

amount of infection on a typical culture. In this culture all of

the first leaves were infected, 62.5 per cent of the second leaves,

and 29.1 per cent of the sheaths. The average number of pus-

tules on the first leaves of the ten selected plants was 5744. on the

second leaves, 22.9, and on the sheaths, 1.4. The small number of



.-,
I - Fromme: The culture of cereal

pustules on the second leaves was due to the fact that only their

tips were exposed at the time of inoculation. The number of

pustules on the upper and lower surfaces of a leaf is sometimes

equal and two pustules are often situated directly opposite each

other. The average number of pustules per plant maintained in

the mass culture experiments was about 200-300. The lowest

average recorded for a culture was 161.6, the largest 598.7. The
largest number of pustules counted on a single plant was 996
(plant 3, table 11).

Table ii.

N»„b„ofp.n, | P.,,.,,,,., No. of pans infected Per cent, infected

II Leaf sheaths 21 %i

No of
First leaves

| Second leaves

JSL
plant

LoWer surface] Upper surface £& Upper
lot
pL

ere

5 234
1

336 '4

10 189 314 14

31

\

594

805

539

Total.... 2638 3106 1 93 136 14 5987

Ave 263-«
|

310.6 9.3 13.6 1.4 598-7

Ave 574-4
1.4 598-7

Normal development of the uredosori of P. coronifera
The period of incubation for the rust in the open greenhouse

varied between eight and eleven days from October to December.
Twelve days was the constant incubation period during December
but this decreased to nine days in the latter part of January and
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remained at nine days throughout February and March. The
sequence of stages during a nine days incubation period may be

divided into two periods. First, a period of vegetative develop-
' ment during which no evidence of infection is seen. Second, a

fruiting period during which the stages in the formation of the

pustules are apparent. The first period occupies five days after

inoculation and the first visible evidences of pustule formation

become apparent on the sixth day. The leaves on this day have

a faint mottled appearance which is due to the presence of small

areas that are lighter in color than the surrounding leaf tissue.

These areas are visible only by transmitted light. On the seventh

day the light areas become more conspicuous and their boundaries

more sharply defined. The areas become slightly swollen on the

eighth day and a light orange color is apparent. During the next

twenty-four hours the development of the pustules is rapid. They
continue to swell until the epidermis of the leaf is ruptured by a

longitudinal slit and the orange mass of spores is extruded. The
mass of spores hangs together for a time but breaks apart on drying

and falls from the leaf as separate spores or in small groups when
the leaf is disturbed.

It has been demonstrated a number of times during this culture

work that a humid atmosphere provided by covering with a bell

jar is necessary to secure infection. Abundant moisture may be

supplied at the time of inoculation and still the plants will not

become infected, in the greenhouse, unless they are covered soon

afterwards. The drops of water apparently dry up before germi-

nation and infection result. The per cent of saturation in the

greenhouse in which my experiments were made as obtained from

the hygrometer records, averages about 75-80 per cent with a

temperature range between 55 per cent, and 85 per cent. Al-

though the conidia of Erysiphe graminis infect the cereals spon-

taneously under these conditions, the uredospores of P. coronifera

To test the possibility of providing conditions of humidity
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under which the rust might become self-propagating by close

association of cultures, a sash frame culture box, 3 ft. square, was
made of five window sash. The humidity maintained here when
cultures were growing in it was quite constant and averaged 93 per
cent, with occasional fluctuations of 2-3 per cent. Even in such a
humid atmosphere new infections occurred only sparingly, al-

though cultures were sprayed and heavily inoculated. To obtain
good infections it was necessary to cover the cultures with bell

jars as in the open greenhouse.

A direct comparison of the effects of covering and not covering
in the culture box was obtained by a statistical study. Two
pots of seedlings, each seven days old, were inoculated simul-
taneously from the same culture, after which one was covered for
twenty-four hours and the other was left uncovered in the culture
box. During the remaining eight days of the incubation period
they were exposed to equal conditions of humidity. The differ-
ence in the degree of infection obtained on the two cultures was
marked. The average number of pustules per plant on the
covered culture was 161.6 as compared with 10.4 on the non-
covered. This would be but a 6 per cent infection on the non-
covered culture if that obtained on the covered is regarded as the
normal. The difference in the degree of humidity to which the
cultures were exposed for twenty-four hours after inoculation could
not have been more than 7 per cent, as the average in the culture
box was 93 per cent and the atmosphere under the bell jar was
presumably saturated. It is rather striking that this difference
of 7 per cent should have produced a difference in degree of infec-
tion of 94 per cent. The spores that produced the 6 per cent
normal infection on the non-covered culture probably germinated
more rapidly or were more favorably located with reference to
moisture than the bulk of the spores.

Effect of temperature

To test the effect of different temperatures on the degree and
rate of development of P. coronifera, two cultures of the same
age were inoculated simultaneously from the same stock culture.
Immediately afterwards one was placed in the greenhouse "stove"
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where the temperature ranges between 20 and 30 .* The
temperature here was quite constant for each twenty-four hours

throughout the experiment. It did not fall below 25° from 10

a.m. to 5 p.m. nor rise above 20 from midnight to 6 a.m.

The other culture was placed in the greenhouse where the tem-

perature fluctuation was between 14.5 and 21 . Here the tem-

perature remained quite constant at 16 for the greater part of the

twenty-four hours. It reached 21 for a short period at noon and

14.5° at midnight. Both cultures were covered after inoculation.

The first visible signs of infection became apparent on the culture

in the "stove" on the fourth day after inoculation and fully ripe

pustules were produced on the seventh day. Evidences of infection

did not become visible on the culture in the greenhouse until the

seventh day after inoculation, which was the date of sporulation

for the culture in the "stove," and ripe pustules were not formed

until the twelfth day. The high temperature of the "stove,"

which was an average increase of about 7-8 , was apparently

responsible for a marked increase in the rate of development of

the fungus and a decrease of five days in the incubation period.

No differences in the degree of infection secured on the two cultures

were apparent. The experiment was repeated immediately, but

without a control, and the incubation period for this culture in the

"stove" was but six days. This is the shortest incubation period

I have observed.

Further cultures gave results as follows. No .'7 in the "stove,"

incubation period seven days. The temperature for each day

was 20 from 6 p.m. to 6 a.m. and 25-30 from 8 a.m. to 2 p.m.

Three controls in the greenhouse, incubation period nine days.

Temperature 10-15.5° from 6 p.m. to 6 a.m. and 15.5-21 from

9 a.m. to 5 p.m. No. 8 in the "stove," incubation period nine

days. There were many minor fluctuations in this period. The

maximum was 30°, the minimum 8°. The general range was

distinctly lower than in the preceding test. Two controls in the

greenhouse, incubation period twelve days. Temperature 10-

15-5° from 6 p.m. to 6 a.m. and 15.5-21 from 10 a.m. to 3 p.m.

The temperature records were obtained with Rk/han! Freres' self-recording
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Effect of light

To determine the effect of light exclusion on spore germination

and rate of development, four culture pots of the same age, seven

days, were inoculated simultaneously. Immediately afterwards

one of the four was transferred to a physiological dark room which
joins the greenhouse. A continuous circulation of air between the

two rooms is maintained by an electric fan. Thus the average

degree of humidity of the dark room, which is about 80 per cent.,

does not fall below that of the greenhouse although the range of

fluctuation, which is from 60 per cent, to 95 per cent., is somewhat
greater. The other three cultures were placed in the culture box
as controls. The culture was exposed in the dark room for three

days and at the end of this time was returned to the culture box.

The plants at this time were quite as green and fresh as those of the

control cultures and could not be distinguished from them. The
incubation period for the three controls was eight days, while that
of the culture left three days in the dark room was eleven days.
At the time of sporulation some of the leaves of this culture
showed signs of yellowing at their tips. No pustules were pro-
duced on these discolored areas but on the normal green parts they
were as numerous as on the controls. The difference of three days
in the incubation periods is exactly equal to the period of light

exclusion and indicates a complete arrest of the development of the
fungus in the dark room.

The effect of light exclusion during the latter part of the
incubation period was also tested. Four cultures were inoculated
and placed in the culture box. Four days later one of them was
transferred to the dark room, where it was left four days, and then
returned to the culture box. No signs of infection were visible
on it at this time, while the unripe pustules on the controls were
plainly visible. The pustules on the controls ripened on the ninth
day, while three additional days, twelve days in all, were necessary
for a similar development of the culture that had been in the dark
room. By excluding light four days in the latter part of the normal
incubation period, the maturation of the rust had been delayed
three days. This shows that even after the fungus has become
well established in the host its development is strongly retarded in

complete darkness.
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The average difference in degree of humidity, of approximately

13 per cent, between the culture box and the dark room could

not have been an important modifying factor in these results, as

I have found that the incubation period is not modified by relative

degrees of humidity after the first twenty-four hours. Thus
parallel sets of cultures, when grown in the culture box and in the

greenhouse under similar conditions of light and temperature

but with the same difference in humidity that is found between

the culture box and the dark room, had the same incubation period.

Likewise when a culture was kept under a bell jar during the entire

incubation period, with occasional removal for change of air,

there was no difference between its incubation period and that of

the control in the greenhouse that was covered for the first twenty-

four hours only.

The question naturally arises how this retardation of the growth

of the fungus is brought about. It may be the direct effect of total

absence of light on the fungus itself. Then, again, it is possible

that the fungus simply suffers from lack of food, since the host is

incapable of assimilation in the darkness. It seems hardly pos-

sible, however, that such a complete inhibition in the growth of

the fungus should have resulted in the brief time involved unless

it is dependent on the transition products in photosynthesis. This

latter possibility is by no means inconceivable and should this

explanation prove the correct one it could be made the basis for

an explanation of the obligate parasitism of the rusts and their

inability to develop on any form of artificial medium.

Viable period of uredospores

Two series of tests were made to determine the period through

which the uredospores of P. coronifera would retain their vitality.

Ripe spores were removed from pustules on the cultures and placed

in small gelatine capsules which were then stored in the laboratory

at room temperature. The first set of spores was stored on March

13. A drop culture made on this date gave a high per cent of

germination in twelve hours. Drop cultures of the stored spores

were made on March 19, 23, and 28 and April 12 and 30. From 9

to 16 per cent, of the spores sown germinated in each of these

tests. No further trials were made until June 1 and at this time
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the spores were colorless and failed to germinate. The last

germination obtained was after 48 days of storage and the spores

had lost their capacity for germination at some time between 48

and 80 days.

Another lot of spores were stored on November 26. These

germinated in gradually decreasing per cents on January 8,18, and

February 2, 11, 18. The length of time required for the develop-

ment of a germination tube increased from a period of 6-12 hours

in November to a period of 36-48 hours in February. In the last

drop culture made, on February 18, only 29 spores of 1,013 tested

germinated. These few spores, about 0.2 per cent, had germinated

after 84 days storage.

Control of mildew

The powdery mildew, Erysiphe graminis, became so abundant

on the oats cultures that measures for its control became necessary.

The mildew spreads rapidly in the greenhouse and outgrows the

rust to such an extent that rust culture work may be seriously

interfered with. Attempts at exclusion of the mildew by isola-

tion of the cultures and inoculation with uredospores selected

from apparently non-mildewed leaves proved unavailing.

The control and total exclusion of the mildew was achieved

by treatment with sulphur dust. This was applied with a powder

gun, twenty-four hours after rust inoculation. The plants were

also atomized with a weak solution of sulphuric acid (1/1000) prior

to the application of sulphur and were covered afterwards for

twenty-four hours. With this treatment no mildew developed

while control cultures became heavily infected.

This work was undertaken at the suggestion of Prof. R. A.

Harper, to whom I am indebted for suggestions and

Summary

1. Two of the cereal rusts, Puccinia dispersa Erikss., on rye,

and P. coronifera Kleb., on oats, have been cultured in the uredo

stage, on the living hosts in the greenhouse, for a consecutive

period of six months, from December 1912 to June 1913, by the

transfer of infection once a month. P. coronifera was also cultured

for a period of eight months, from September 1912 to May 1913,
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with transfer of infection once a week. During this period the

rust went through 37 generations of the uredo stage. No decrease

in the degree of infection secured resulted from such continuous

2. The average degree of infection maintained in mass cultures

was approximately 200 pustules per plant. The largest number

of pustules counted on an individual plant was 996.

3. P. coronifera does not self-propagate to any extent even when

abundant host material is supplied arid a constant humidity of

93 per cent is maintained.

4. High humidity is the essential factor in securing successful

inoculation with uredospores of P. coronifera. No infections

resulted when cultures were exposed in an atmosphere of 75 to 80

per cent of humidity, and at 93 per cent only 6 per cent of the

normal degree of infection was obtained. Normal infections were

secured only when cultures were covered with a bell jar for twenty-

four hours subsequent to the application of spores.

5. The rate of development of P. coronifera increased with tem-

perature increase. A decrease in the normal incubation period of

five days, or 41 per cent, was produced in the "stove" where the

temperature ranged from 20 to 30 while the range at which the

normal cultures were grown was 14.5 to 21 .

6. Total light exclusion either early or late in the incubation

period checks the development of P. coronifera and results in an

almost complete cessation of growth.

7. Uredospores of P. coronifera when stored at room tempera-

ture gradually lose their capacity for germination. A 0.2 per cent

germination was obtained after storage of eighty-four days.
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Kenneth K. Mackenzie

Carex umbellata and its allies

A study of a number of recent collections, chiefly from the

western part of the United States, has brought about the con-

clusion that in addition to Carex umbellata Schk. and Carex deflexa

Hornem. and their allies, there are a considerable number of ad-

ditional species belonging to the group Montanae, characterized

by the development of pistillate spikes on subradical peduncles

or on very short culms.

A natural division of these species can be made from certain

characters taken from the perigynia. While all of the Montanae

have the perigynia strongly 2-ribbed or 2-keeled, certain species

of the group now under consideration found in California also

have the outer face finely many-nerved. In all other members of

the group the perigynia are nerveless or at most have on one face

a few partly developed nerves on the lower half of the body.

Next to be separated are two closely related species of the

southeastern United States (Carex nigro-marginata and Carex

floridana). These are to be distinguished by the fact that while

the spikes are on very short culms and may appear basal they are

not on basal peduncles. Each culm really bears one to several

pistillate spikes sessile at the base of the staminate spike; and

elongated radical peduncles bearing only pistillate spikes are not

normally developed, as in the remaining species.

After making this division probably the most satisfactory and

[The Bulletin for September (40: 461-528) was issued 10 S 1913-]



530 Mackenzie: Notes on Carex

natural method of telling C. deflexa and its allies from C. umbellata

and its allies is that there are always pistillate spikes at the base

of the staminate in the former, and the lowermost of these has a

leaflet-like bract exceeding the inflorescence. This bract is rarely

auriculate, and if colored at all at base is purplish-brown tinged.

In the other group all the pistillate spikes are frequently subradical,

but when there is a pistillate spike at the base of the staminate

its bract is squamiform and shorter than the inflorescence, or else,

if rarely longer, it is auriculate and strongly reddish-tinged at base.

Carex deflexa has a close ally in C. Rossii, the two species having

been often confused. However, in C. deflexa itself the rootstock

is very slender, horizontally creeping and short-stoloniferous ; the

perigynium is very small (about 2.5 mm. long) and strongly exceeds

the scales; and the beak is short and but inconspicuously bidentate.

In C. Rossii, as stated by Dr. Holm (Am. Journ. Sci. IV. 16: 37-

1903), the rootstock is "much more robust, relatively shorter and
ascending, not horizontal and not stoloniferous in the stricter sense

of the word." This last species, too, has larger, longer-beaked and
conspicuously bidentate perigynia, with relatively longer scales.

Carex brevipes W. Boott, a little-known species of the far

western mountains, seems to be valid. It has the habit of growth
of C. Rossii, but the short-beaked, narrow perigynia are about as

small as those of genuine C. deflexa.

A very interesting collection made by Mr. W. W. Eggleston
in the northern part of New Mexico in 191 1, contains two new
species belonging to the group of species now under discussion.

One of these is related to Carex deflexa and its allies. It differs,

however, in having few-flowered pistillate spikes even on fully

developed plants. The beak of the perigynium is obliquely cut

at apex and becomes slightly bidentate in age, and the margins are

scarcely serrulate.

Another plant collected b$ him, now named Carex geophila,
differs from the real Carex umbellata in having a globose perigynium
body fully 1.75 mm. or more wide; the beak is not strongly
2-edged. The eastern species grouped with Carex umbellata
have the perigynium body triangular-globose and but 1-1.5 mm.
wide, while the beak is strongly 2-edged.

Another species most closely related to Carex geophila occurs
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along the Pacific coast from San Francisco to Vancouver Island.

It furnishes the basis for the reports of the occurrence of Carex

umbellata on the Pacific coast, and specimens of it are probably

also responsible for the large perigynia at times attributed to that

species. This plant, which I am calling Carex brevicaulis, has

pistillate spikes maturing 1-4 strongly pubescent perigynia and

the culms are little fibrillose at base. Carex geophila on the other

hand has pistillate spikes maturing some 5-15 puberulent peri-

gynia and the culms are extremely fibrillose at base.

Several distinct species have been referred to Carex umbellata

Schk. The genuine plant is distinguished by its deep green narrow

erect leaves, the old reaching an extreme width of 2.5 mm., and

the width of the young ones at fruiting time averaging about 1 .5-

1.75 mm. The cuspidate pistillate scales are normally lanceolate

or narrowly ovate-lanceolate, and usually do not entirely conceal

the lower part of the perigynia. The long-beaked perigynia

are 3 mm. long or more and short-pubescent, and the beak is

markedly bidentate.

In parts of the country, especially in the north and west, the

place of Carex umbellata is often taken by a closely related species,

the perigynia of which are smaller (3 mm. long or less) and have a

short (0.5 mm. long) shallowly bidentate beak. The scales are

ovate and vary from acutish to cuspidate, and in the basal spikes

tend strongly to conceal the lower part of the perigynia. This

plant is the var. brevirostris Boott; the C. abdita of Mr. Bicknell.

My own experience is that this species occurs In limestone districts

and that Carex umbellata is a species not found in such districts.

A closely related species ranging from Missouri to Texas has also

been separated.

Thoroughly distinct is the coastal plant described by Professor

Fernald as var. tonsa (Proc. Am. Acad. 37: 507. 1902), and by

Mr. Bicknell raised to specific rank (Bull. Torrey Club 35: 492.

1908). While the long glabrous perigynia make it well marked,

the wide stiff spreading leaves referred to by Mr. Bicknell are

even more characteristic, and in the field distinguish the plant

at a distance from Carex umbellata when growing with it. Carex

tonsa is an abundant species in parts of the pine barren country

of New Jersey.
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The main distinctions between those members of the Montanae

which are here discussed and which differ from all the other

members of the group in having the pistillate spikes or some of them

on short culms or on basal peduncles and so hidden among the

leaves, may be summarized as follows:

I: Perigynia finely many-nerved as well as strongly 2-keeled.

Scales purplish-tinged, obtuse to cuspidate; perigynium

body globose; staminate spikes many-flowered ; basal

pistillate spikes on elongated, very slender peduncles. i. C. globosa.

perigynium body oval; staminate spikes few-flowered;

l-basal pistillate spike Ieaflet-1
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gyrua; culms extremely fibrillose at base

(New Mexico).

perigynia; culms little fibrillose at base

(Pacific slope).

Perigynium body triangular-globose, 1-1.5 mm.
wide; beak strongly 2-edged.

I. Carex globosa Boott, Proc. Linn. Soc. 1: 259. 1845

Carex umbellata var. globosa (Boott) Kukenth. in Engler, Pflan-

zenreich 4
20

: 453. 1909,

Clumps medium-sized, from elongated slender rootstocks,

stoloniferous, the culms 15-35 cm. high, phyllopodic, slender,

exceeding leaves, roughened on angles above, strongly fibrillose and
more or less reddened at base. Leaves with well-developed blades

five to eight to a fertile culm, the lowest clustered, the upper more
or less widely separate, the blades flat with revolute margins,

1.5-2.5 mm. wide, varying in length from 3 cm. to 3 dm. (on

sterile culms), attenuate-pointed, strongly roughened; terminal

spike staminate, erect, short-peduncled, 1-2 cm. long, 2.5-4 mm -

wide, many-flowered, the scales oblong-obovate, obtuse or acute,

purplish brown with lighter center and hyaline mar-ins; pistillate

spikes two or three (with additional basal ones on long capillary
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peduncles), approximate, erect, sessile or a little peduncled, 5-10

mm. long, 4-8 mm. wide, short-oblong or suborbicular, containing

4-10 ascending, rather closely arranged perigynia in few ranks;

bracts leaflet-like, shorter than to a little exceeding inflorescence,

little sheathing, occasionally with a purplish tinge at base ; scales

ovate, obtuse to cuspidate, purplish with lighter center and hy-

aline margins, somewhat wider and longer than perigynia
;

peri-

gynia 5 mm. long, the body globose, 2.25 mm. wide, puberulent

or short-pubescent, 3-angled, noticeably nerved, abruptly nar-

rowed to a prominent stipitate base and abruptly beaked at apex,

the beak 0.75-1.25 mm. long, strongly bidentate; achenes ob-

tusely triangular, closely fitting within perigynia, short-obovoid,

2 mm. long; stigmas three.

All specimens seen referable to this species are from the coastal

counties of California and the islands off the coast. The range

so shown is from Santa Cruz Island and Santa Barbara north as

far as Sonoma County. The specimens from the Yosemite Valley

referred to this species seem more properly referable to the

following species.

Specimens examined:

California: Oakland, Bolander (C, L. S.*); "California,"

Bolander, 1865 (L. S.); Oakland, Bolander 20 (H.); Oakland,

Bolander 2295, May, 1866 (H.); Island of Santa Cruz, Brandegee,

Apr. 1888 (N. Y.); Monterey County, Davy 7366 (P.); Sonoma
County, Congdon 84, May 29, 1892 (P.); Mt. Tamalpais, Marin

County, Heller 5716, June 18, 1902 (L. S., N. Y.); San Diego,

Brandegee, 1889 (N. Y.); Sonoma County, Congdon, May 30,

1895 (L. S.); Santa Lucia Mts., Monterey County, Davy 7724,

May, June, 1901 (H.); Santa Barbara, Brewer 303 (H.; L. S.)

;

Brown 370, June 1897 (N. Y.); Redwoods, Marin Co., Bolander

V+W, 1866 (C).

2. Carex Brainerdii sp. nov.

, U. S. National; C C
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fibrillose at base, much exceeded by leaves, slender, very rough
on the sharp angles ; sterile shoots strongly aphyllopodic. Leaves
with well-developed blades four to eight to a fertile culm, the
blades flat with slightly revolute margins, 1.5-3 mm. wide, those
of the fertile culms short, of the sterile up to 25 cm. long, much
roughened on both sides and averaging wider than those of the
fertile; terminal spike slender, staminate, 5-8 mm. long, about
0.5 mm. wide, sessile or short-peduncled, few-flowered, the scales

lanceolate or ovate-lanceolate, acuminate with 1-3-nerved green
center and broad hyaline margins richly chestnut-tinged

; pistillate

spikes 4-6, 1-4-flowered, the upper 2 or 3 approximate, sessile or

short-peduncled, the others basal, widely separated and strongly
peduncled (the erect peduncles not much elongated) , the zigzag
rachis often terminating in a sterile flower; bracts of upper spikes

well-developed, green, hyaline-margined and chestnut-tinged, all

or only the lowest exceeding inflorescence, the lower more or less

strongly sheathing, the upper sheathless or nearly so; scales ovate
or ovate-lanceolate, cuspidate or long-awned with several-nerved
green center, and with wide, strongly hyaline reddish-brown tinged
margins, usually slightly longer but narrower than perigynia;

perigynia softly short-pubescent, green, usually reddish-brown
tinged, 4.5 mm. long, the body oval, 2.5 mm. long, 1.75 mm. wide,
strongly 2-ribbed, finely many-nerved on outer face, nearly or-

bicular in cross-section, strongly stipitate (1 mm.), abruptly con-
tracted into the serrulate, hyaline-tipped, bidentate beak 1 mm.
long; achenes triangular with strongly convex sides, closely en-

veloped by perigynia, 2.25 mm. long, nearly 1.75 mm. wide,
truncate at apex, round-tapering at base; style slender, not en-

larged at base, readily detached ; stigmas three.

The type specimen (herb. Brainerd) of this distinct plant

was collected by Dr. Ezra Brainerd (121) in El Dorado County,

California, on July 19, 1897, on a mountain north of Slippery

Ford in the Sierra Nevada Mountains. A duplicate of the type

is in the Gray Herbarium. Bolander6ig6, collected in 1866 in the

Yosemite Valley (H.; L. S.), a specimen collected by Mrs. Austin,

in 1877, in Plumer County (H.), and H. E. Brown 370, collected

near Sisson, Siskiyou County, California (N. Y.) are probably to

be referred to this species. None of these specimens, however,

is in very good condition.

3- Carex nigro-marginata Schwein. Ann. Lye. N. Y. 1: 68.

1824

Carex lucorum var. nigro-marginata Chapm. Fl. S. E. U. S. 539.
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Densely cespitose, the stolon short, ascending; culms 2-10 cm.

high, much exceeded by the leaves, triangular, rough on the angles,

very strongly fibrillose at base, several together with a common
cluster of leaves at the base. Leaves numerous and conspicuous,

the blades from very short to 35 cm. long, 2-4 mm. wide, flat,

very rough, the mid-nerve prominent; staminate spike sessile,

5-8 mm. long, 2-3 mm. wide, the ovate scales obtusish, brownish
with greenish midrib and narrow hyaline margin; pistillate

spikes two or three, sessile, erect, contiguous or the lower slightly

separate, the upper at the base of the sessile staminate spike,

orbicular or ovoid-orbicular, 4-7 mm. long, 3-5 mm. wide, closely

flowered, with about 6-15 ascending perigynia; bract of lower

spike well developed, green, attenuate, 1.5 mm. wide at base,

5-25 mm. long, and from shorter than to exceeding the inflorescence,

the upper bracts similar but shorter; scales ovate, acutish to

short-cuspidate, from slightly shorter to slightly longer than the
'

perigynia, with a broad strip of green in the center and con-
spicuous brownish black margin, or at times in immature speci-

mens the brownish black margin narrow and inconspicuous;
perigynia 3-5 mm. long, the body oval, 1.75 mm. long, tapering
into the stipitate base 0.75 mm. long, the beak I mm. long, the
body compressed-orbicular and somewhat obscurely triangular
in cross-section, 1 mm. wide, narrowly ridged along the sides,

otherwise nerveless, it and the beak minutely puberulent, the
beak bidentate; achenes short-triangular, 1.5 mm. long, closely
fitted to the perigynia; stigmas three.

Differs from Carex floridana in (1) its normally triangular

achenes, (2) strongly dark-margined scales, and (3) often stiff

culms, which are (4) strongly fibrillose at base, and (5) in its

short ascending stolons instead of long creeping ones, thus making
the plant more densely cespitose.

Forms of Carex varia Muhl. in which the leaves much exceed
the culms may key into this species or the following one. Their
narrow slender leaf-blades, and the lack of dark margins to their

scales distinguish such specimens from the present species, and
the absence of the long stolons and the lenticular achenes of Carex

floridana serve to distinguish that species.

Specimens examined:

New York: Babylon, Leggett, May 21, 1869 (C).

New Jersey: Landisville, Atlantic Co., Gross, 1872+ 1883

(N. Y.) and May 28, 1898 (K. M.); Tuckerton, Mackenzie,
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May, 191 1 (K. M.); South Lakewood, Mackenzie 4536, May 15,

1910 (K. M.); Milford, Porter, May 27, 1867+ 1868 (N.Y.);
Lakewood, Torrey Club, May 28, 1898 (N. Y.); Holland Station,

Garber, June, 1868 (C); "New Jersey," Smith (B).

Pennsylvania: Monroe, Bucks County, Ruth, May, 1885
(N. Y.); French Creek, Brinton, May 22, 1892 (C).

Delaware: Centreville, Commons, May, 1864 (N. Y.).

District of Columbia: Steele, April 29, 1899 (K. M.); M. A.
Curtis, 1845 (C).

North Carolina: M. A. Curtis (N. Y.) ; Chapel Hill, Ashe 3006
(N. Y.), April, 1897 (B) ; Salem, Schweinitz (C) ;

" North Carolina,

"

Chapman (C) ; Hunter (C); Tryon, Brainerd, April 14, 1909 (B).

South Carolina: Greenville, Mackenzie 2991, April 2, 1908
(K. M.); Clemson, Oconee County, House 3150, March 20, 1907
(N. Y.).

Alabama: Auburn, Earle, April 10, 1901 (N. Y.) ; "Alabama,"
Peters, 1867 (N. Y.).

Louisiana: Leavenworth, 1845 (C).

Tennessee: Broad River, Rugel (D. C).
Arkansas: Leavenworth, 1845 (C).

Missouri: Campbell, Bush 6597, April 19, 1912 (K. M.).

4- Carex floridana Schwein. Ann. Lye. N. Y. 1: 66. 1824

Carex lucorum var. floridana Chapm. Fl. S. E. U. S. 539. i860.

Carex nigro-marginata var. subdigyna Bockl. Linnaea 41: 220.

1877.

Carex nigro-marginata var. floridana (Schwein.) Kukenth. in

Engler, Pflanzenreich 4
20

: 444. 1909.

Culms very slender, or capillary, erect or spreading, from very
short to 2 dm. high, roughened on the angles, exceeded by the
leaves, coming up in small clumps and long-stoloniferous, slightly

filamentose at base. Leaves largely basal, those on the culms
abortive or very short, the basal leaves 2-3 dm. long, 1-2 mm. wide,
flat or somewhat involute (especially near the base), more or less

glaucous and roughened; staminate spike one, terminal (but
exceeded by the contiguous pistillate spikes), very short and in-

conspicuous, few-flowered, sessile, 3-5 mm. long, 0.75 mm. wide,
the closely appressed scales lanceolate, obtuse, with green midrib
and white hyaline margins; pistillate spikes two, sessile, very
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close together, short-oblong, 4-8 mm. long, 2.5-4 mm - wide, 4-8-

flowered, the perigynia appressed-ascending; bracts lanceolate or

ovate-lanceolate, white-hyaline with green midrib, acuminate
or cuspidate, shorter than the subtended spike; scales oblong or

ovate-oblong, acuminate to obtusish, white-hyaline with green
midrib, rather wider but shorter than the perigynia; perigynia

puberulent, spindle-shaped, 3.25 mm. long, the body oval, com-
pressed-orbicular in cross-section, 1.5 mm. long, 0.75 mm. broad,
tapering to the stipitate base 1 mm. long, and rather abruptly
into the slender beak 0.75 mm. long, the orifice entire or nearly so,

the body nerveless except for the prominent decurrent edges of the
beak; achenes normally lenticular, closely fitting the perigynia,
the face oblong-elliptic, 1.75-2 mm. long, 1 mm. wide; stigmas two.

Specimens examined:

Georgia: Rocky Comfort Creek, Louisville, Jefferson Co.,

Harper 2105, April 9, 1904 (N. Y.).

Florida: Jacksonville, Curtiss 4128, April 3, 1893 (C), 4639,
March 24, 1894 (C), 6127, March 31, 1898 (K. M.); Hibernia,

Canby, March 1869 (C); "Florida," Chapman (N. Y. and C)

;

"Florida," Keeler (C); Banks of Little River, Chapman (C);

West Florida, Chapman, 1836 (C); Apalachicola, Biltmore 1783
(N. Y.); "Florida," Chapman, from Dr. Lemann, 1847 (N. Y.
ex herb. Boott).

Louisiana: Jackson, Ingalls, February (C);Hale 707 (C).

Mississippi: Ocean Springs, Earle, Feb. 1889, very young
(N. Y.).

Texas: Big Sandy, Bush 2877, April 7, 1902 (N. Y.).

5. Carex deflexa Hornem. Plantelaere, ed. 3, 1: 938. 1821

Carex varia var. minor Boott, in Hook. Fl. Bor.-Am. 2 : 223 (in

part). 1840.

Carex pilulijera var. deflexa Drej. Rev. Crit. Car. Bor. 54. 1841.
" Carex Novae-Angliae Schw." Boott, 111. Car. 2 : 96 (in part), i860.
Carex pilulijera forma, Bockl. Linnaea 41: 216. 1877.
Carex deflexa var. Deanei Bailey, Mem. Torrey Club 1 : 42. 1889.

Clumps small or medium-sized, stoloniferous, the rootstocks
slender, horizontally creeping, branching; culms 3-10 cm. high,
very slender, exceeded by the leaves, smooth, the fertile mostlv
phyllopodic. Fertile culms with several leaves with well-developed
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blades inserted towards the base, the blades ascending, I mm. wide,
usually less than 6 cm. long, roughened on the margins and towards
the apex; leaves of sterile culms more numerous and with longer
and somewhat wider blades; staminate spike solitary, erect,

sessile, 2-4 mm. long, 0.5-1 mm. wide, inconspicuous and often

exceeded by the closely contiguous pistillate spikes, the scales

ovate-lanceolate, closely appressed, acute, straw-colored with
hyaline margins and tinged with reddish brown; pistillate spikes

one or two, sessile or short-peduncled, approximate, suborbicular

or short-oblong, 2-4 mm. long, 3 mm. wide, containing about 2-8

ascending perigynia, normally with an additional, widely separated,

basal spike; lower bract 5-10 mm. long, not sheathing and hardly
colored at base; the upper much shorter; scales ovate, acute or

short-acuminate, wider but shorter than the perigynia, tinged with
reddish brown, the midrib green and the margins hyaline; peri-

gynia puberulent, obovoid, obtusely triangular, nerveless or

nearly so, the body 1.5 mm. long, 1 mm. wide, tapering to a

stipitate base 1 mm. long, and abruptly contracted into a short

(0.5 mm. long) beak with emarginate orshallowly bidentate orifice;

achenes triangular (rather obtusely), short-oval, 1.5 mm. long;

stigmas three.

The smaller forms of Carex varia Muhl. often resemble forms

of Carex deflexa in which the basal spikes are not developed.

They are, however, strongly cespitose and have squamiform bracts,

which are normally hyaline-margined at base and do not usually

exceed the culms.

Specimens examined:

Arctic America: Norway House, Richardson (N. Y. and C).

Quebec: Montmorency Falls, Macoun 67592, June 28, 1905

(N. Y.); Calumet, Macoun 7405, June 9, 1891 (D. C).

Ontario: Sudbury Junction, Macoun 30979, May 24, 1884

(D. C).

New Brunswick: Kent County, Brittain 30974, 1888 (D. C.)

;

Prince Edward Island, Macoun 10702, June 26, 1888 (D. C).

Nova Scotia: Truro, Macoun 10704, June 12, 1883 (D. C).

British Columbia: Latitude 54 , Macoun 30970, June 10, 1875

(D. C); McCloud's Lake, Macoun 30972, June 24, 1875.

Maine: Mt. Desert Island, Faxon, June 23, 1891 (N. Y.);

Orono, Fernald, May 15, 1902 (N. Y.; K. M.); and May 29, 1890

(C); Ft. Fairfield, 'Fernald 149, July 6, 1893 (C); Mt. Desert
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Island, Rand, June 21 and 23, 1891 (C); Piscataquis County,

Fernald 269, July 5, 1895 (C).

New Hampshire: Franconia, Faxon, June 9, 1893 (N. Y.);

Lisbon, Graves, June 10 and 13, 1893 (C); Crawford Notch,

Faxon, June 7, 1878 (C.) ; Wing Road, Pringle, June 4, 1878 (B).

VERMONT: Ripton, Brainerd, May 25, 1878 (B)
; June 7, 1879

(B); June 10, 1892 (B; N. Y.); Ripton, Brainerd & Eggleston, June

9, 1898 (K. M.); Lyndon, July 2, 1875 (N. Y.); Groton, Pringle,

June 13, 1879 (B).

New York: Lake Placid, Peck, June 12, 1897 (N. Y.); White
Face Mountain, Parry, Aug. 1851 (C).

Massachusetts: Hawley, Forbes, May 30, 1905 (K. M.).
Michigan: Keweenaw County, Farwell 745, July 1, 1890

(C).

6. Carex brevipes W. Boott, in S. Wats. Bot. Calif. 2 : 246. 1880
Carex globosa var. brevipes W. Boott, in S. Wats. Bot. Calif. 2 : 485.

Carex defiexa var. Boottii Bailey, Mem. Torrey Club 1 : 43. 1889.
Carex pilulifera var. Novae-Angliae F. Kurtz, Bot. Jahrb. 19:

419- 1894.

Carex Rossii var. brevipes (W. Boott) Kiikenth. in Engler, Pflan-
zenreich 4

20
: 452. 1909.

In dense clumps from stout, matted, ascending rootstocks,
not stolomferous, the culms from very short to 18 cm. high,
phyllopodic, reddish-purple tinged and more or less strongly
fibnllose at base, the longer exceeding the leaves, the shorter
hidden at their base, slender, roughened on the angles above;
sterile culms aphyllopodic. Leaves with well-developed blades
4-8 to a fertile culm, the blades flat with slightly revolute margins,
1.5-2.5 mm. wide, up to 15 cm. long, roughened towards apex;
terminal spikes staminate, slender, short-peduncled or sessile,
4-12 mm. long, 2.5 mm. wide, several-many-flowered, the scales
ovate, acute or cuspidate, about 3-nerved, reddish- or light
purplish-brown with lighter center and narrow hyaline margins;
pistillate spikes 3-5, usually 10-20-flowered, the upper one or
two approximate, from sessile to strongly peduncled, the others
widely separated, basal, long-peduncled, the perigynia in several
ranks, ascending; bract of lower non-basal spike leaflet-like,
exceeding inflorescence, green, slightly purplish-auricled at base;
scales ovate, acute to cuspidate, 1-3-nerved, green with narrow
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hyaline margins and more or less strongly purplish-tinged, about
the width of but shorter than mature perigynia, exposing the upper
part; perigynia small, 2.5 to nearly 3 mm. long, 1.25 mm. wide,

green, puberulent, the body little longer than wide, obscurely

triangular in cross-section, 2-ribbed, otherwise nerveless, from
short to rather strongly stipitate, abruptly contracted into the

slender, minutely serrulate, slightly colored or hyaline-tipped

shallowly bidentate beak 0.25-0.75 mm. long; achenes triangular

with strongly convex sides closely enveloped by perigynia, nearly

2 mm. long, truncate at apex, round-tapering at base; style short

and slender; stigmas three.

This species, originally collected in the Sierra Nevada Mountains

of California, has no immediate relationship with Carex globosa

Boott, to which it has been referred. As pointed out by Prof.

Bailey, its real relationship is with Carex deflexa Hornem. and its

allies. It resembles real Carex deflexa in its small perigynia,

2.5-3 mm. long with shallowly bidentate beak. It, however, is

densely cespitose with stout rootstocks, while Carex deflexa is

stoloniferous and has slender rootstocks. The staminate spikes

in the plant of the Sierra Nevadas are more developed, the

perigynia seem less strongly stipitate, the spikes are usually more

flowered, and the plant is much stiffer. Carex Rossii, with larger

deeply bidentate perigynia, seems constantly different.

Specimens examined:

California: "Lake Tahoe to Bear Valley," Kellogg, and

"Rocky Mts. California, "Kellogg (type sheets in Gray Herbarium)

;

Sierra Nevada, Braman & Kellogg, June 9, 1870 (N. Y.); Sierra

Nevada Mts., El Dorado County, Brainerd 116, July 19, 1897

(H; Brainerd).

"Washington: Wenatchee Mts., Kittitas County, Rimer 433,

June 28, 1897 (Piper).

7. Carex Rossii Boott, in Hook. Fl. Bor.-Am. 2: 222. 1840

Carex Novae-Angliae var. Rossii Bailey, Bot. Gaz. 10: 207. 1885.

Carex deflexa var. Rossii and var. media Bailey, Mem. Torrey

Club 1:43. 1889.

Carex Novae-Angliae var. deflexa Bailey, Proc. Am. Acad. 22:

124. 1886.

Carex deflexa var. FarweUii Brit., Brit. & Br. 111. Fl. 1
: 334- 1896.
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Carex Farwellii (Brit.) Mackenzie, Bull. Torrey Club 37: 244.

1910.

Clumps medium-sized, densely or loosely cespitose, hardly
stoloniferous, the rootstocks ascending; culms 5-20 cm. high,
slender, usually exceeding the leaves, smooth or slightly roughened
under the inflorescence, aphyllopodic or phyllopodic; basal spikes
usually numerous. Fertile culms with several leaves with well-

developed blades inserted towards the base, the blades ascend-
ing, 1-2 mm. wide, usually less than 6 cm. long, roughened on the
margins and towards the apex; leaves of sterile culms more
numerous and with longer and somewhat wider blades; stami-
nate spike sessile or nearly so, erect, 3-8 mm. long, 1 mm. wide,
exceeding the contiguous pistillate spike, the scales ovate-oblong,
closely appressed, acutish, with green midrib and hyaline margins
and strongly tinged with reddish brown; pistillate spikes one or
two, sessile or short-peduncled (and with some additional widely
separated basal ones), approximate or somewhat separate, sub-
orbicular or short-oblong, 3-5 mm. long, 3-4 mm. wide, containing
3-10 ascending perigynia

; lower bract 0.5-5 cm. long, not sheathing
and hardly colored at base; the upper much shorter; scales ovate,
acute to acuminate, or cuspidate, wider but shorter than the mature
perigynia, strongly tinged with reddish- or purplish-brown, the
midrib green and the margins hyaline; perigynia short-pubescent,
3-4.5 mm. long, obovoid, obtusely triangular, 2-ribbed but other-
wise nerveless or nearly so, the body 1.5-2.5 mm. long, I mm.
wide, tapering to a stipitate base 0.5-1.5 mm. long, and abruptly
contracted into a bidentate beak 0.75-1.25 mm. long; achenes tri-
angular (rather obtusely), short-oval, 1.5 mm. long; stigmas three.

This characteristic species of the western mountains has been
given a great deal of study by me in an endeavor to ascertain
definitely whether it represented an aggregate of more than one
species or not. As a result I have come to the conclusion that
but one variable species is represented and that the notable

1 be explained by
vironmental conditions. The species varies from densely cespitose
in alpine or subalpine situations to loosely cespitose in more pro-

tected localities; these more loosely cespitose plants have the

leaf-blades of the sterile culms much more developed and in all

respects show a stronger vegetative growth ; the scales of the basal

spikes are inclined to be strongly cuspidate and the perigynia
range in length from 3.75 to 4.5 mm. with a beak as long as the

body. Such plants answer to Carex Farwellii and are quite dif-
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ferent in appearance from the densely cespitose plants with much
less developed vegetative growth, acute scales, and perigynia

ranging from 3 to 4 mm. in length, with beak shorter than the body,

which represent the other extreme of the series. However, all

kinds of intermediate combinations appear, and make separation

impossible except arbitrarily.

Other plants with narrow involute leaves collected in very dry

situations also look quite different, but their peculiar aspect

seems wholly due to their dried-up condition, as no structural

differences have been found.

The species as here treated ranges from Vancouver Island and

the Canadian Rockies south through Washington and Oregon to

the higher Sierras of California and eastward in the higher moun-

tains of Nevada and Utah. It seems common in Colorado,

Wyoming, Montana, and Idaho. It has been found in northern

Michigan. It is to be expected in northern New Mexico and

possibly Arizona, and its northern range in western Canada is

yet to be ascertained.

Specimens examined :

Canada: Rocky Mt. Park, Macoun 64056, July 8, 1904 (N. Y.)

;

between Kettle and Columbia Rivers, Macoun 63318, June 6,

1902, and 6331Q, July 9, 1902 (N. Y.), and 63320, July 19, 1902

(N. Y.); Nanaimo, Vancouver Island, Macoun 76742, July 13,

1908 (N. Y.) ; Medicine Hat, Assiniboia, Macoun 7402, June 4, 1894

(C); Mountain Post, Assiniboia, Macoun 10780, June 11, 1895

(N. Y., H) ; Revelstoke, Shaw 834, July 6, 1905 (N. Y.) ; Revelstoke,

Macoun 57A, May 19, 1890 (C.) ; Lake Louise, Macoun 64055,

July 20, 1904; Mt. Arrowsmith, Rosendahl 2023, June 28, 1907

(N. Y., H); Qu'Appelle Valley, Macoun 49, June 22, 1879 (H)

;

Yale, Macoun, June 17, 1876 (H); Grand Valley, Macoun 261,

June 16, 1880 (H); Trail to Asalkan Glacier, British Columbia,

Brainerd, Aug. 11, 1897 (B); Vancouver, Macoun, July 27, 1887

(B); Calgary, Macoun 25460, June 7, 1897 (D. C); Mt. Arrow-

smith, Vancouver Island, Macoun 30969, July I7» 1887 (D. C);

Rogers Pass, Selkirk Mts., Macoun 30968, July 29, 1890 (D. C);

Elbow River, Rocky Mts., Macoun 25461, July 15, 1897 (D. C);

Esquimault, Vancouver Island, Macoun 376, June 9, 1893, and
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Mt. Benson, Macoun 377, July 10, 1893 (D. C); Nanaimo and
Home Lake, Vancouver Island, Macoun 20286, June 4, 1887, and
10706, July 25, 1887 (D. C); Kananaskis, Rocky Mts., Macoun
32016, June 15, 1885 (D. C); Spy Hill, Saskatchewan, Macoun
72789, July 1, 1906 (D. C); Clearwater River, Macoun 32007,
July 8, 1888 (D. C); Lytton, British Columbia, Macoun 32008,
April 17, 1889 (D. C); New Westminster Junction, British Colum-
bia, Macoun 80878, April 19, 1889 (D. C).

Washington: Bingen, Suksdorf, May 12, 1909 (N. Y.) ; Mt.
Paddo, Suksdorf, Aug. 9, 1909 (N. Y.) ; Olympic Mts., Elmer 2718,
June 1900 (N. Y., Piper); Mt. Rainier, Piper 2537, Aug. 15, 1895
(Piper, N. Y.)

; West Klickitat County, Suksdorf 276, April 30,
1885 (C); "Washington," Henderson, 1892 (C); Mt. Adams,
Hoivell, Aug. 15, 1882 (H); Cascade Mts., Allen 168, June 4, 1895
(N. Y., H, Piper); Klickitat River, Suksdorf 48, June 2, 1883 (H);
Cascade Mts., Vasey, 1889 (Piper) ; Whitman County, Piper 3094,
July 20, 1899 (Piper); Blue Mts., Horner 480, July 29, 1897
(Piper); Mt. Rainier, Piper 2552, Aug. 1895 (Piper) ; Mt. Adams,
Henderson 2094, Aug. 10, 1892 (Piper) ; Olympia, Henderson, 1892
(Piper)

;
Hangman Creek, Spokane County, Sandberg & Leiberg

30, May 17, 1893 (Piper)
; Wenatchee, Brandegee 1145, 1883 (D. C).

Oregon: Union County, Cusick 1322, 1886 (Piper); "Oregon,"
Cusick (Piper)

; Wallowa Mts., Sheldon 8535, July 12, 1897 (K. M.)

:

Lake County, Eggleston 6850, June 5, 191 1 (N); Mt. Adams,
Chickering, Aug. 1882 (D. C).

California: Sierra Nevada, Kellogg (N. Y.); Cisco, Sierra
Nevada, Kellogg, June 19, 1870 (H); Hat Creek, Shasta County,
Eggleston 7382, 7434, 7435 , ] n \y 3I> I9„ (N) alsQ ^^ Aug 2
1911 (N); Summit, Placer County, Heller 9853, Julv 16, 1909
(K. M.); Pyramid Peak, El Dorado County, Hall & Chandler
4749, Aug. 1-2, 1903 (H).

Utah: Big Cottonwood Canyon, Salt Lake Co., Garrett 1658,
Aug. 21, 1905 (N. Y.); Marysvale, Jones 5343, May 31, 1899
(N. Y., K. M.); Alta, Jones 1204, Aug. 7, 1879 (C.) ; Hornwood
Canyon, Watson 1260, July 1869 (C).

Idaho: Kootenai County, Sandberg, MacDougal & Heller 234,
May 23, 1892, and 841, Aug. 5, 1892 (N. Y.); Nez Perces County,
A. A. & E. G. Heller 3388, July 9, 1896 (C, Piper); Kootenai
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County, Sandberg, July 1887 (N. Y.); Sweetwater, Heller, July
1896 (K. M.).

Montana: Bozeman, Flodman 289, July 7, 1896 (N. Y.):

Little Belt Mts., Flodman 288, Aug. 1896 (N. Y.); Helena, Kelsey,

July 12, 1892 (N. Y.); Little Belt Mts., Rydberg3377, 3892, Aug.

1896 (N. Y.); Spanish Basin, Madison Range, Flodman 287,

July 18, 1896 (N. V.).

Colorado: Vasey (N. Y.); Chamber's Lake, Baker, July 13,

1896 (N. Y.); La Plata Mts., Baker, Earle & Tracy 685, July

14, 1898 (N. Y.) ; Chamber's Lake, Crandall, July 25, 1894 (N. Y.)

;

Chamber's Lake, Colo. Agri. College 2549, July 28, 1889 (N. Y.)

;

Beaver Creek, Colo. Agri. College 2558, July 19, 1898 (N. Y.);

Pagosa Peak, Baker 237, Aug. 1899 (N. Y.) ; Cameron Pass, Baker,

July 14, 1896 (N. Y., C); Middle Park, Beardslee, Aug. 1892

(N. Y.); Colorado Springs, Jones 59, May 14, 1878 (N. Y., C,
B); Silver Plume, Rydberg 2416, and Shear 669, Aug. 21, 1895

(N. Y.); Twin Lakes, Jtt>Z/e 1058, 1873 (C); Mt. Helen, Mac-
kenzie 307, Aug. 1901 (K. M.).

Wyoming: Big Horn Mts., Sheridan County, Tweedy 2246,

July 1899 (N. Y.); Black Rock Creek, Teton Forest Reserve,

Tweedy 401, Aug. 1897 (N. Y.); Teton Pass, Merrill & Wilcox

1249, July 13, 1901 (N. Y.); Madison Canyon, A. & E. Nelson

6761, Aug. 29, 1899 (N. Y.) ; Battle Lake, A. Nelson 3046, Aug. 16,

1897 (N. V.); Yellowstone Park, Williams, 1888 (N. Y.); Yellow-

stone Park, A. & E. Nelson 6361, Aug. 8, 1899 (N. Y., K. M.);

La Plata Mines, A. & E. Nelson 5148, Aug. 25, 1898 (K. M.);

Ten Sleep Lakes, Nelson 2972, Aug. 19, 1897 (K. M.).

Michigan: Clifton, Keweenaw Co., Farwell 244, June, 1890

{Col., H).

8. Carex pityophila sp. nov.

In large dense clumps from slender tough ascending forking

rootstocks, not stoloniferous, the culms from very short to 15 cm.
high, aphyllopodic, reddish brown and more or less fibrillose at

base, usually shorter than leaves, slender, very rough on the
sharp angles ; sterile culms aphyllopodic. Leaves with well-devel-

oped blades 5-10 to a fertile culm, the blades involute but flat

above with slightly revolute margins, slender, at flowering time
0.75-1.5 mm. wide, 2-25 cm. long, much roughened; terminal
spike staminate, slender, 4-8 mm. long, 1.5 mm. wide, more or less
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strongly peduncled, few-several-fiowered, the scales ovate or
obovate, obtuse to acute, 1-3-nerved, purplish brown with lighter
midvein and conspicuous hyaline margins; pistillate spikes 2-5,
usually 2-5-flowered, the upper one or two approximate or little

separate, sessile or peduncled, the others widely separate, basal
and strongly peduncled, the perigynia erect-ascending, the rachis
zigzag; bract of upper spike green, scarcely sheathing, slightly
purplish-tinged at base, normally exceeding inflorescence; scales
ovate, acute to short-cuspidate, with several-nerved green center
and hyaline margins and more or less strongly purplish-brown
tinged, nearly as long and nearly as wide as, but not enveloping
or concealing perigynia; perigynia sparingly puberulent, green,
3-5-4-5 mm. long, the body short- to long-oval, 2.25-3 mm. long,
1.75 mm. wide, 2-ribbed and otherwise nerveless or nearly so,
tnangular-suborbicular in cross-section, strongly stipitate (0.75-1
mm.), abruptly contracted into the scarcely ciliate-serrulate,
hyaline-tipped, obliquely cut, in age shallowly bidentate beak,
o 75-1 mm. long; achenes triangular with strongly convex sides,
closely enveloped by perigynia, 2-2.75 mm. long, nearly 1.75 mm.
wide, truncate and slightly apiculate at apex, rounded at base;
style slender, not enlarged at base, readily detached ; stigmas three.

The type specimen was collected by Mr. W. W. Eggleston
{6605) southeast of Tierra Amarilla, Rio Arriba County, New
Mexico, in the pifion belt at an altitude of 2,320 meters in the
spring of 1911 (sheet 660821, United States National Herbarium).
His numbers 6536, 6540, 6542 and 6610, collected in the same
locality, also represent this species. Fendler's 889 collected in
New Mexico in 1847 (H) also belongs here.

Carex geophila differs in the characters given in the key and in
addition the present species has narrower leaves, more slender
staminate spikes, few-flowered pistillate spikes, strongly reddened
culm bases and scarcely ciliate-serrulate perigynium beak.

9. Carex geophila sp. nov.
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long, much roughened; terminal spike staminate, slender, 5-9
mm. long, 2.5 mm. wide, more or less strongly peduncled, several-

many-flowered, the scales ovate, acute or short-acuminate, many-
striate, purplish brown with lighter center and conspicuous

white-hyaline margins; pistillate spikes 2-5, usually 5-15-flowered,

the upper one. or two usually approximate, sessile or short-pe-

duncled (sometimes absent), the others widely separated, basal

and strongly peduncled, the perigynia in several ranks, ascending;

bract of upper spike (where spike is present) well developed, green,

somewhat sheathing, slightly brownish-red tinged, shorter than
inflorescence; scales ovate, acute to short-cuspidate, those of the

upper spikes reddish brown with 3-nerved green center and white-

hyaline margins, those of lower spikes slightly if at all reddish-

brown tinged, all from slightly shorter to slightly longer and wider
than but not enveloping or nearly concealing perigynia; perigynia

puberulent, green, 3.25-4 mm. long, the body suborbicular, 2.25-2.5

mm. long, 1.75 mm. wide, 2-ribbed, otherwise nerveless or more
or less strongly nerved at base on one face, nearly orbicular in

cross-section, strongly stipitate (0.5-0.75 mm.), abruptly con-
tracted into the serrulate, slightly hyaline or purplish-tipped

bidentate beak, 0.5-0.75 mm. long; achenes triangular with
strongly convex sides, closely enveloped by perigynia, about
2.25 mm. long, nearly 1.75 mm. wide, truncate and slightly apicu-

ate at apex, round-tapering at base; style slender, not enlarged

at base, readily detached; stigmas three.

The type specimen, collected by Mr. W. W. Eggleston (6584)

at Tierra Amarilla, Rio Arriba County, New Mexico, in the spring

of 191 1, is in the United States National Herbarium (sheet 660800).

His numbers 6614, 6474, 6466, 6550, 6556, 6458, and 6593 from

the same locality also belong here, as does also his 6655 collected

near Chama, Rio Arriba County. The species is also represented

by a specimen in the Gray Herbarium, collected by Dr. Greene

April 22, 1880 (deep shady canyon of Mineral Creek in the Mo-
gollon Mountains).

10. Carex brevicaulis sp. nov.

In dense clumps, stoloniferous, the culms phyllopodic, 5-10
cm. high, slender, exceeded by the leaves, sharply triangular,

very rough on the angles, reddish brown and more or less fibrillose

at base. Leaves with well-developed blades 6-10 to a fertile

culm, clustered near base, the blades flat, I.5-3.5 mm. wide,

usually 2.5-7.5 cm- long, roughened above and towards apex;

leaf-blades of sterile culms 5-12 cm. long; terminal spike stam-
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inate, few-flowered, short-peduncled, 6-9 mm. long, 1.5-2 mm.
wide, the scales narrowly ovate, acute to short-cuspidate, reddish

brown with light-colored midrib and center and white-hyaline,

non-ciliate margins; lateral spikes 2, 3 or 4, pistillate, 4-6 mm.
long and nearly as wide, the uppermost sessile near base of stam-

inate, the second (if present) sessile and somewhat remote, the

others far remote, basal, slender-peduncled, the maturing peri-

gynia 1-4, erect-ascending, the upper flowers not developing;

bract of upper spikes leaflet-like, shorter than or rarely slightly

exceeding culm, widened at base into reddish brown auricles

with hyaline margins; scales ovate, acute to short-cuspidate,

reddish brown with light-colored midrib and center and white-

hyaline, non-ciliate margins, narrower and shorter than the

mature perigynia; perigynia about 4 mm. long, loosely short-

pubescent, more or less yellowish-brown tinged, stipitate, the

body globose, 2.25 mm. wide, 2-ribbed, abruptly contracted into

the slender serrulate, rather shallowly bidentate beak 1 mm. long;

achenes triangular-globose, the sides strongly convex, closely

enveloped by perigynia, 2 mm. wide and slightly longer, abruptly

rounded at base and apex, slightly stipitate; style slender, enlarged

at base, deciduous, short; stigmas three.

Specimens examined:

British Columbia: Victoria, Macoun 76706, June 12, 1908

(N. Y.); Vancouver, Macoun, May 30, 1873 (H); Macoun 32014,

May 8, 1875 (D. C).

Washington: Whidbey Island, Gardner 343, May 29, 1897

(Piper).

Oregon: Yaquina Bay, Howell 2Q04, May 1886, type (N. Y.);

Wilkes Exped. 1834-1842 (C).

California: San Francisco, Kellogg, May 1880 (N. Y.)..

11. Carex microrhyncha sp. nov.

In large stools, spreading by short stolons; culms from very

short to 15 cm. high, mostly much exceeded by the leaves, slender,

triangular, rough on the angles, reddish-brown tinged and strongly

fibrillose at base, phyllopodic; sterile culms phyllopodic, termi-

nating the short stolons, their sheaths little if at all filamentose.

Leaves numerous, erect or ascending, light green, from very short

to 20 or 30 cm. in length, at flowering time 1.5-2.5 mm. wide, in

age up to 3 mm. wide, flat with somewhat revolute margins,

very rough above; terminal spike staminate, sessile or short-

peduncled, 5-10 mm. long, 1.5-2.5 mm. wide, the scales obovate,
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obtuse or acute, reddish brown with lighter midvein and hyaline

margins; pistillate spike usually present at base of staminate,

sessile or short-peduncled, globose-oblong, 3.5 mm. wide, 4-7 mm.
long, its bract squamiform, reddish-brown tinged and exceeded

by culm, the basal spikes 2 or 3, subglobose, 4-6 mm. long, 3.5-

4.5 mm. wide; scales broadly ovate acute or short-cuspidate,

about length of but wider than perigynia and largely concealing

them, strongly several-nerved, greenish or hyaline; perigynia

2.25-3.25 mm. long, the body short-oval, triangular-orbicular in

cross-section, 1.25 mm. wide, short-pubescent, 2-ribbed, otherwise

nerveless, tapering or contracted into a short stipitate base 0.5

mm. long, abruptly contracted into the short (0.5 mm. long) beak,

less than half length of body, the beak 2-edged, hyaline-tipped,

at most obscurely bidentate; achenes triangular, oblong-obovoid,

filling perigynia, minutely stipitate, dull or silvery blackish, the

superficial cells conspicuous, the sides convex and angles blunt

and prominent; style slender; stigmas three.

This species bears such a strong superficial resemblance to

Carex abdita Bicknell that it was not until I came to examine

the achenes that I found out that the plants were distinct.

The achenes in fact much more resemble those of true Carex

umbellate Schk., as described by Mr. Bicknell (Bull. Torrey Club

35 : 49i), and as the perigynia are those of Carex abdita, I began to

doubt the excellent achene characters brought out by him.

However, still further study brought out the differences shown in

the key in the manner of growth and in the sterile shoots as com-

pared both with C. abdita and C. umbellate. The perigynia, too,

are much more concealed by the scales than in either of these

Specimens examined:

Missouri: Dodson, Jackson County, Mackenzie, May 10,

1896, and May 14, 1899, type (K. M.); St. Louis, Riehl, 1838 (C);

St. Louis County, Eggert, April-May, 1887 (H).

Indian Territory: Limestone Gap, Butler (H).

Texas: Blanco River (Dew. Herb., H); "Texas," Leavenworth

(C); Dallas, Reverchon, March 1877 (C).

12. Carex abdita Bicknell, Bull. Torrey Club 35: 492. 1908

Carex umbellate var. brevirostris Boott, 111. Car. 2 : 99. pi. 2Q4- i860.

Very- densely cespitose, culms from very short to 15 cnr. high,



550 Mackenzie: Notes on Carex

mostly much exceeded by the leaves, slender, triangular, rough

on the angles, reddish-brown tinged and strongly fibrillose at

base, phyllopodic; sterile culms aphyllopodic, erect, the sheaths

filamentose. Leaves numerous, the blades erect or ascending,

light green, from very short to 20 or 30 cm. in length, at flowering

time about 1.5 to 2.5 mm. wide, in age up to 3 mm. wide, flat with

somewhat revolute margins, very rough above; terminal spike

staminate, sessile or short-peduncled, 5-10 mm. long, 1.5-2 mm.
wide, the scales obovate, obtuse or acute, reddish brown with

lighter midvein and hyaline margins; pistillate spike usually

present at base of staminate, sessile or short-peduncled, globose-

oblong, 3.5 mm. wide, 4-7 mm. long, its bract squamiform, reddish-

brown tinged and exceeded by culm, the basal spikes 2 or 3,

short, oblong, 5-9 mm. long, frequently staminate at apex; scales

ovate, abruptly acute or acuminate, longer and wider than peri-

gynia but not concealing them, strongly several-nerved, greenish

or hyaline, the upper at least reddish-brown tinged; perigynia

2.25-3.25 mm. long, the body subglobose, triangular-orbicular in

cross-section, 1.25 mm. wide, short-pubescent, 2-ribbed, otherwise

nerveless, tapering or contracted into a short-stipitate base, 0.5

mm. long, abruptly contracted into the short (0.5-1 mm. long)

beak, less than half length of body, the beak 2-edged, hyaline-

tipped, at most obscurely bidentate; achenes triangular, orbicular-

obovoid, filling perigynia, brownish, sessile, shining, irregularly

pitted, the sides convex and angles sharp and narrow; style slender;

stigmas three.

Differs from Carex umbellata in the small, short-beaked, ob-

scurely bidentate perigynia, and in the achenes.

A northern species extending south to Delaware and Indiana.

Specimens examined:

Canada: Quesnelle, Macoun, May 29, 1874 (H); Norway
House, Richardson 323 (H) ; Rocky Mts., Richardson (H) ; Carlton

House (H) ; Norway House, Richardson (H) ; Victoria, Vancouver

Island, Macoun 16673, May 7, 1875 (D. C); Fraser River Valley,

Macoun 32015, May 18, 1875 (D. C); "Rocky Mts.," Drummond
(D. C); Hastings County, Ontario, Macoun 32019, June 15, 1865

(D. C).

Maine: Vassalboro, Fernald & Chamberlain, May 17, 1902

(K. M.); Bangor, Knight, May 14, 1905 (K. M.).

Vermont: Snake Mt., Brainerd, June 11, 1897 (B).

New Hampshire: Mt. Willard, Faxon, June 7 (N. Y.).
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Massachusetts: Deerfield, Cooky (C); Boston, W. Boott

(D. C).

Connecticut: Bridgeport, Eames, May 28, 1908 (N. Y.).

Rhode Island: Thurber, May 1846 (N. Y.).

New York: Richmond Hill, Long Island, Bicknell, May II,

1904 (N. Y.); Jamaica, Bicknell, May 19, 1905, type (N. Y.)j

Sparrow Bush, along Delaware River, Britton, May 30, 1903

(N. Y.); Yonkers, E. C. Howe, May 1876 (N. Y.); Whitesboro,

Oneida County, Haberer 5176, June 19, 1883 (N. Y.); New York,

LeRoy (C).

New Jersey: Hoboken, Torrey, May 1824 (C); Andover

Junction, Mackenzie 4869, May 191 1 (K. M.); Columbia, Macken-

zie, May 1913 (K. M.); Cranberry Lake, Mackenzie 2608, June 9,

1907 (K. M.) ; south of Port Jervis, Mackenzie 4584, May 30, 1910

(K. M.)-

Delaware: Townsend, Commons, May 17, 1883 (N. Y.).

Indiana: Ripley County, Deam 10578, May 19, 1912 (K. M.);

Clarke County, Deam 10494, May 8, 1912 (K. M.) ; Wells County,

Deam, April 30, 1899 (K. M.).

13. Carex umbellata Schkuhr, Willd. Sp. PI. 4: 290. 1805

Carex umbellata var. vicina Dewey, Am. Jour. Sci. 10: pi. D.f. 13

1826; 11: 317. 1826.

Very densely cespitose, culms from very short to 15 or 20 cm.

high, much exceeded by the leaves, triangular, rough on the angles,

reddish-brown tinged and strongly fibrillose at base, phyllopodic;

sterile culms aphyllopodic, erect, the sheaths filamentose. Leaves

numerous and conspicuous, the blades from very short to 20 cm.

long, at flowering time 1.5-2 mm. wide, in age wider, very rough,

flat with somewhat revolute margins; terminal spike staminate,

short-peduncled, 8-12 mm. long, i.5-2.5 mm. wide, the scales

obovate, obtuse or acute, reddish-brown with lighter midvein

and hyaline margins; pistillate spike usually present at base of

staminate, sessile or short-peduncled, globose-oblong, 3.5 mm.
wide, 4-7 mm. long, its bract squamiform and exceeded by culm,

the basal spikes oblong, 4-10 mm. long, 3-5-4-5 mm. wide; scales

lance-ovate, short-cuspidate to acuminate, from slightly shorter

to slightly longer and rather wider than the perigynia, but not

concealing them, those on the shorter culms hyaline with green

several-nerved center, those on the longer culms similar, but the

margin tinged with reddish brown; perigynia 3-25-4-25 mm. long,



the body short-oval, triangular-orbicular in cross-section, about 1.75

mm. long and 1.4 mm. wide, short-pubescent, 2-ribbed, otherwise
nerveless, abruptly short-(o.5 mm. long) stipitate, abruptly con-
tracted into a beak about length of body, the beak 2-edged, hyaline-

tipped, bidentate; achenes triangular, oblong-obovoid, filling peri-

gynia, dull or silvery blackish, minutely roughened, the superficial

cells conspicuous, sessile, the sides convex, and angles sharp and
narrow; style slender; stigmas three.

Carex pennsylvanica Lam. and Carex heliophila Mackenzie at

times develop pistillate spikes on subradical peduncles. The long

stolons characteristic of these species afford the easiest means of

distinguishing such specimens from Carex umbellata and its allies.

It is possible that these specimens represent, to some extent at

least, hybrids with the Carex umbellata group as they are treated

by Kukenthal, but my own inclination is to regard them as above.

Specimens examined:

Canada: Bic, Rimouski County, Quebec, Forbes, June 23, 1905

(K. M.); Point Pleasant, Nova Scotia, Macoun 16674, June 18,

1883 (D. C); Edmonton, Ontario, White 32017, May 24, 1893
(D.C.).

Vermont: Middlebury, Brainerd, May 24, 1878, and June 9,

1891 (B); Winooski, Brainerd, June 5, 1897 (B) ; Chipman Hill,

Brainerd, May 30, 1897 (B).

Michigan: Port Huron, Dodge, June 3, 1894 (K. M.); Lake
Harbor, Umbach, May 28, 1898 (K. M.); Orion, Oakland County,
Wheeler, May 30, 1895 (C); Grand Lodge, Wheeler 47, Mav 5,

1890 (C).

Maine: Orono, Merrill, June 5, 1898 (N. Y.) ; Orono, Fernald,

June 30, 1890.

Massachusetts: South Ashburnham, Forbes, May 30, 1904;

(K. M.); Manchester, Chamberlain (N. Y.); Cambridge, Mrs.

Britton, May 12, 1889 (C); "Mass.," Dewey (D. C).
New York: Yonkers, E. C. Howe, May 1880 (N. Y.); "New

York," Crawe (C); "New York," Gray, 1846 (C); Highlands of

New York, Torrey (C).

New Jersey: High Point, Sussex County, Mackenzie 4564 and

4571, May 29, 1910 (K. M.); Tuckerton, Mackenzie, May 191

1

(K. M.).
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14. Carex tonsa (Fernald) Bickn. Bull. Torrey Club 35: 492.

1908

Carex umbellata var. tonsa Fernald, Proc. Am. Acad. 37 : 507. 1902.

Densely cespitose, freely short-stoloniferous; culms 2-15 cm.
high, much exceeded by the leaves, sharply triangular, strongly

roughened on the angles, strongly reddish-brown tinged and
fibrillose at base, phyllopodic; sterile culms aphyllopodic, the

sheaths little filamentose. Leaves numerous and conspicuous, the

blades spreading, deep green, 2.5-4 mm - widewith revolute margins,

5-25 cm. long, rough towards the long attenuate apex; staminate
spike 6-12 mm. long, 2-3 mm. wide, the obovate scales acute,

reddish brown with greenish or straw-colored center and white-

hyaline margin; pistillate spike occasionally present at base of

staminate, sessile or nearly so, erect-ascending; basal pistillate

spikes 2-3, on long slender peduncles, short-oblong, 6-iomm. long,

4.5-6 mm. wide, containing 3-20 closely packed appressed-

ascending perigynia in several ranks; bract at base of uppermost
spike setaceous, not sheathing, from much shorter than to slightly

exceeding spike; scales conspicuous, ovate, shore-cuspidate to

acute, wider and from slightly shorter to slightly longer than
perigynia, whitish or straw-colored hyaline, with green midrib, the

upper often with purplish brown margins; perigynia 3.5-4.5 mm.
long, the body broadly oval, 1.75 mm. long, 1.25 mm. wide,

tapering into the stipitate base 0.75 mm. long and the beak 1.75-

2.5 mm. long, the body compressed-orbicular and obscurely

triangular in cross-section, 2-ribbed, otherwise nerveless or nearly

so, very sparsely short-pubescent above and on the strongly 2-

edged bidentate beak; achenes short-obovoid, triangular, filling

perigynia, brownish, shining, pitted, the superficial cells incon-

spicuous, substipitate, 1.5 mm. long, closely fitting perigynia,

the sides convex and angles sharp and narrow; style slender;

stigmas three.

Specimens examined:

Canada: Lake Ellen, Ontario, Macoun 32020, July 1, 1884

(D. C); "British N. W. America," Richardson (D. C); Chalk

River, Ottawa Valley, Macoun 16675, May 30, 1884 (D. C);

Cape a L'Aigle, Quebec, Macoun 67594, July 27, 1905 (D. C);

Truro, Nova Scotia, Macoun 32018, June 14, 1883 (D. C).

Maine: Orono, Fernald, May 15, 1902 (N. Y., K. M.); also

May 29, 1890 and June 2, 1890 (C).

Michigan: White Hall, Wheeler, June 27, 1900 (D. C).
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Massachusetts: South Dennis, C. N. Brainerd, May 1878

(B); Nantasket, E. Brainerd, June II, 1896 (B).

Rhode Island: Cumberland Mills, Collins, May 29, 1892 (C).

New York: Wading River, E. S. Miller (N. Y.); Valley

Stream, Bicknell, May 23, 1908 (N. Y.) ; Woodmere, Bicknell,

May 10, 1908 (N. Y.).

New Jersey: South Lakewood, Mackenzie 4544, May 15,

1910 (K. M.); Tuckerton, Mackenzie, May 1911 (K. M.); Lake-

wood, Torrey Club, May 28, 1898 (N. Y.); "New Jersey," Parker

(N. Y., D. C); "New Jersey,

"

Knieskern (N. Y.); Forked River,

Torrey Club, May 29, 1896 (C); Tom's River, Britton, May 23,

1885 (C) ; Stelton, Mackenzie 3024, May 3, 1908 (K. M.) ; Yardville,

Mackenzie, May 19 13 (K. M.).

District of Columbia : Tacoma Heights, Williams, March 26,

1898 (K. M.); Holm, May 1899 (D. C).



The development and behavior of the chromosomes in the first

or heterotypic mitosis of the pollen mother-cells of

Allium cernuum Roth

David M. Mottier t

It may seem to the reader of cytological literature that

whoever offers a contribution upon Allium might well preface

his remarks with an apology for so doing. However, certain

favorable forms of both plants and animals will doubtless ever

remain objects of investigation. On looking about for favorable

material for class use, the senior author came upon a species of

wild onion, common in certain localities in Indiana, namely,

Allium cernuum Roth, a species which is regarded as more favorable

than the much used Allium Cepa.

A study of mitotic phenomena has been made in both vege-

tative and microspore mother-cells, and the results obtained and

conclusions reached differ so much In certain respects from those

of Bonnevie ('n), as set forth in a recent contribution on Allium

Cepa, that we have decided to present the results of our observa-

tions on the pollen mother-cells at this time, reserving an account

of the process of nuclear behavior in vegetative cells for a future

In describing the resting stage of the nucleus in the pollen

mother-cell of Allium Cepa, Bonnevie ('n, 197) asserts that a

number of threads radiate from a chromatin knot or lump (Chro-

matinknoten), being continued into the meshes of the nuclear net.

"Vom Chromatinknoten sieht man eine Anzahl Fadchen, die in

den Maschen des Kernnetzes ihre Fortsetzung finden, radiar

ausstrahlen." With the disappearance of the anastomoses

between these radiating threads, the latter gradually became more

distinct throughout their entire length, at the same time appearing

always zigzag or spirally twisted. Precisely the same structure is

reported for the resting nucleus of somatic cells. Following this
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structure there takes place (1. c. 197) a pairwise conjugation of the

chromosomes, which finds its culmination in synapsis. This

conjugation is accomplished by the lateral fusion in pairs of the

threads radiating from the chromatin knots (1. c. fig. 20). Soon

after this (1. c. 198) such nuclei become more irregular, for, in

addition to the chromatin knots or lumps, there appear other

dense accumulations of chromatin, so that, as a result, the original

radial arrangement of the threads is no longer recognizable (1. c.

fig. 21).

In the light of their own preparations as compared with

Bonnevie's figs. 18-21, the writers are convinced that Bonnevie

is describing the appearance of very poorly fixed and poorly

stained nuclei. That Bonnevie has failed to distinguish^etween

good and bad fixation is clear to the writers from the following

(1. c. 198): "Ja, das Zusammenlaufen der Chromatinsubstanz

kann soweit gehen,dass alles Chromatin des Kernes ineiner einzigen,

optisch schwer analysierbaren Masse zusammengeballt erscheint."

This is true, but such phenomena do not represent normal steps

in the mitotic process; they are largely artifacts. It is true, as

has been pointed out some years ago by one of us (Mottier, '07,

fig. 15), that chromatin granules may sometimes form accumula-

tions either by themselves or grouped about the nucleolus, but

such phenomena are to be regarded more on the order of chance

occurrences than as representing significant and regularly appearing

stages of the nucleus. It is conceivable that such accumulations

of chromatin granules may be run together or fused by the reagents,

and it is highly probable that the Chromatinknoten were formed

in this manner. We do not find these masses of chromatin in

our preparations. At any rate the Chromatinknoten of Bonnevie's

figs. 18-21 are not to be regarded as of any consequence in the

normal process of mitosis, as will be seen from what follows.

The nucleus of the resting stage in the pollen mother-cells

of Allium cernuum Roth presents the well-known net or reticulum

of linin upon which are distributed with more or less regularity

the chromatin particles or granules. From one to several nucleoli

of varying sizes are present. Fig. i illustrates the structure of
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the nucleus in a pollen mother-cell soon after the last somatic

division. The structure of the whole cell is the same as that of

any somatic cell from any meristematic region. The growth

period of both cell and nucleus now begins, and the very marked

increase in the size of the nucleus as compared with that of the

cell is very conspicuous in this as well as in other species of Allium

(Fig. 2, 7, 8, 9). In fig. 2 the nucleus is almost if not quite as

large as it ever becomes. The nuclear reticulum is uniform, and

the nucleoli may or may not be evenly spaced in the cavity of the

nucleus. They do not lie in the same plane, and in making the

drawing the focus was necessarily changed. Fig. 2 and all others

represent rather thick sections of cells. Sometimes the chromatin

granules form larger and smaller aggregates, which may be grouped

about the nucleoli or removed from the latter, but we do not find

large fused masses of chromatin such as Bonnevie has figured

and described as "Chromatinknoten." A glance at fig. 2 shows

further that there may be a tendency to form a thread, that is,

there will be seen stretches of linin in which the granules are

arranged in lineal series. As pointed out by one of us (Mottier,

'07) for Lilium Martagon, there is a tendency in Allium cernuum

to form a delicate thread or spirem just before or as the nucleus

passes into the synaptic contraction. Fig. 2 is about ready to

begin the contraction of its net into the compact mass. Fig. 3

is a faithful attempt to illustrate the nuclear structure passing

into synapsis, and fig. 4 is a similar stage but includes the whole

nucleus. These two figures were found in the same section of the

loculus, in which were to be seen variously different stages of the

early contraction. The writers wish to state most emphatically

that there is no evidence of the fusion of two spirems during the

contracting process. The spirem is formed directly from the nuclear

network in the only way possible for a net to make a continuous

thread, namely, by the breaking or dissolving of threads of certain

meshes and the fusion of others. In the fusion of meshes several

threads are seen to unite just as frequently and as certainly as

one may find the fusion of only two threads. The appearance of

the lateral union of two threads of certain meshes in several parts

of the nucleus previous to synapsis is the strongest evidence, in

the opinion of the writers, that those observers can bring forward
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who hold to the doctrine that two spirems fuse side by side (

or prior to, synapsis and who deny that the somat

are arranged end to end in a lineal series to make the continuous

hollow spirem. These authors ignore the fact that three or more

threads fuse in the formation of the spirem from the net as well

as only two, and as will be pointed out in a subsequent paragraph,

they omit from consideration and from their series of figures the

most difficult and perhaps the most important steps in the forma-

tion of the bivalents from the hollow spirem.

From synapsis to the bivalents

The stage of fig. 4 passes directly into the closely contracted

mass of FIG. 5. While the chromatin is still in this state, the thread

gradually shortens and thickens into a heavy cord. Even before

an appreciable loosening up of the synaptic ball it is readily seen

that a thick spirem, or cord, is forming from the slender thread,

and, as soon as the contracted mass loosens (Fig. 6), the correct-

ness of this interpretation is beyond doubt. We have in our

preparation transitional stages between fig. 5 and 6, but it was

not deemed necessary to include these in the series. The thick

cord thus developed now becomes distributed throughout the

nuclear cavity. In Allium it is relatively thick, apparently

rather uniform in structure, though sometimes lumpy, and in

many cases numerous delicate threads extend from the spirem

to the nuclear membrane or between adjacent or parallel portions

of the cord (Fig. 7, 8). A nucleolus is usually present. At this

stage a longitudinal split may be sometimes seen, but this phe-

nomenon is rather the exception than the rule (Fig. 8). This

fission always closes up and the two halves become so closely

applied or fused that the double nature of the thread, if really

present, is completely concealed before any indication of cross

segmentation is discernible.

Following the stage of the loose hollow spirem, the same

undergoes a rearrangement before transverse segmentation,

which results in a twisting, looping, and an entangling of its parts.

This phenomenon found in the lilies and in other plants is known

as the second contraction. In the lilies there is a central knotted

or entangled portion of the spirem from which extend somewhat
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radially loops and straight stretches of the cord, the latter with

free ends. In Allium cernuum we do not find this typical appear-

ance observed in Lilium. There is usually a tendency for the

spirem to mass or become more closely entangled near the center

of the nuclear cavity with a looping in the freer parts as shown in

fig. 10 and II, which represent the less complicated condition,

but, as a rule, the entanglement is so complicated that it is not

possible to follow definitely more than a few loops or turns of the

entire cord. If, for example, the spirem of fig. io or n were

bunched together more closely near the center with a greater

twisting of the loops, we should have the more complicated state

referred to above. The complexity of this step is increased by the

fact that the spirem usually becomes more lumpy, or thicker places

alternate with others more attenuated, just prior to, or as this

rearrangement is ushered in (Fig. 9). Sometimes when the

rearranged condition is not too confused, the spirem seems to be

undergoing cross segmentation (Fig. io), but whether this is the

rule we are unable to say. It is certain, however, that in all,

or in nearly all cases, the transverse segmentation of the spirem is

accomplished during the entangled condition, or the stage of the

second contraction. As segmentation is taking place there is

always a violent twisting about each other of the two members of

the bivalents, for as soon as the bivalents can be recognized as such,

they invariably present the appearance of fig. 12, save that they

are more closely bunched together. Ordinarily they are heaped

up in a more compact mass. For the illustration we have selected

a nucleus in which a less entangled massing of the bivalents is

present (Fig. 12).

That each bivalent, or the majority of them, represents a

loop of the spirem, the two sides of which have twisted about each

other, and not the two halves of the longitudinally split spirem,

is in our opinion beyond question. The longitudinal split of the

thread seen in the spirem disappears from sight, and, if it be present

during the stages described, the two halves are so closely applied

that no trace of the fission can be seen. Almost without exception

the two members of each bivalent are twisted about each other,

some tightly, others loosely (Fig. 12, 13). In all cases the bivalents,

as soon as formed, are massed and entangled into a confuted luap.
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Later they separate and become irregularly distributed within

the nuclear cavity (Fig. 14). At the same time they show a

tendency to untwist, and as this is brought about the fact that

many represent loops of the spirem is strikingly manifested.

Bonnevie figures the looped and twisted condition of the

bivalents, but the manner in which they originate from the spirem

is not satisfactorily shown. In fact Bonnevie does not seem to have

taken cognizance of the stages which we have described as the

rearrangement of the spirem, or the second contraction, and this

author has not, in our opinion, shown how her fig. 33 is derived

from fig. 30. In our opinion her figures not only disprove the

very thing she attempts to demonstrate, but lend support to the

view set forth in the foregoing paragraphs, namely, that the two

members of each bivalent represent pieces of the spirem that were

previously arranged end to end and not the longitudinal halves

of parts of the spirem.

At the time of cross segmentation of the spirem the chromo-

somes have attained their largest size.* During the formation

of the spindle and later they seem to undergo a condensation by

which their size is much reduced. Their number is seven or

eight. While seven only were counted in some cases, the writers

are inclined to regard eight as the correct haploid number.

From spindle to daughter nuclei

As is so well known, the spindle develops first as a multipolar

complex which gradually becomes bipolar. Within the complex

of spindle fibers the chromosomes are usually crowded so that the

transition from the tightly twisted state of the two members to

the large open ring-shaped structure that appears rather constantly

in the equatorial plate of the mature spindle, is not readily followed

(Fig. 15-17)- The ring-shape of the bivalents in the spindle is

doubtless the most striking phenomenon in the whole mitotic

process of Allium cernuum. This form of chromosome is brought

about by the fact that the chromosomes are attached to the spindle

fibers at a point about midway between the ends. As the two

members of each bivalent thus attached are drawn apart by the
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spindle fibers, each is bent at the place of attachment and a ring

results. In FIG. 16 some of the rings are seen from the edge while

others have their flat sides turned toward the observer. In many
of these rings it is still very evident that they were loops of the

spirem as shown above. However, the open or closed ring is not

the only form seen in the spindle stage. Sometimes the bivalents

appear as two straight or crooked rods attached at or near the

ends to the fibers, or X- and Y-shaped forms may appear.

One of the most conspicuous phenomena in the whole mitotic

process of this species, and one which is very significant when
viewed in the light of the kinetic processes involved in mitosis,

is the shape of the chromosomes just before the appearance of the

multipolar spindle and ac the stage of the mature spindle (Fig. 13,

16, 17). In fig. 13 the members of each bivalent, or at least

the large majority of them, are tightly twisted about each other,

while in fig. 16 and 17 they appear just as uniformly as open

rings. The question arises: what kinetic forces are responsible

for the twisting in fig. 13, and what for the condition of fig. 17?

A discussion of this interesting question would extend far beyond

the limits of this paper, and we shall merely venture the opinion

that neither magnetic nor osmotic activities seem applicable to

the phenomena under consideration.

During metakinesis, that is, just at the instant when the

segments are separated, each shows its longitudinal fission.

Each half-ring, which is made into a U by the pull of the spindle

fibers, is now a double U- Frequently just before metakinesis

this longitudinal fission can be seen when the free ends of the

bivalent are turned directly toward the observer (Fig. 18). In

fig. 19, an anaphase, the double U-Hke nature of the daughter

segment? is clearly shown. It may be remarked in passing that

the large size and elongated form of the chromosomes of the

mature spindle, and the fact that the halves of the u's and v's

tend to separate from each other during the anaphase, make

counting perplexing and uncertain, in spite of the large size and

small number.

The shape and position of the various chromosomes as they

pass to the poles seem to speak strongly in favor of a pull being

exerted by the spindle fibers, which are in reality fine colloidal
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threads and not expressions of osmotic currents. In fact it

seems extremely difficult to bring any of these phenomena under

explanations based upon osmotic activity.

On arriving at the poles, the chromosomes become closely

crowded together in a manner well known for nearly all plants.

In the organization of the daughter nuclei, the chromatin does

not pass into the finely divided state by the processes of reticu-

lation, alveolization or fragmentation as is characteristic of many

gymnosperms and dicots. The various segments do elongate,

however, to three or more times their original dimensions, be-

coming somewhat lumpy or irregular in outline, and finally form a

sort of interrupted spirem which is seen as a series of longer or

shorter loops or turns passing from the pole to the anti-pole side

of the nucleus (Fig. 22). This figure represents a daughter

nucleus seen somewhat obliquely from the polar side. The course

of the spirem is usually more irregular than in this figure, there

being many more short and abrupt genuflections or kinks. We
have spoken of this spirem as discontinuous, for the reason that

what are regarded as free ends can be found. These free ends are

sometimes joined by very delicate threads like the anastomosing

threads extending between parallel parts of the spirem in all cells

whether purely vegetative or sporogenous. If the apparently

free ends were connected by thicker threads, the spirem could

then be spoken of as continuous. Whether or not this spirem

is continuous or interrupted is of no theoretical importance.

The side of each loop, or turn, is wavy or zigzag, due, of course,

to the lack of space in the nuclear cavity for the placing of the

greatly elongated segments. Whether continuous or interrupted,

the whole forms a sort of crown or wreath open both at the pole

and anti-pole sides. We assume that the adjacent or parallel

sides of the loops are homologous with the sides of the u's or v's

that pass to the poles during the previous anaphase. We do not

find that the loops or ends of this spirem unite at the polar side

to form "Chromatinknoten" either in these nuclei or in somatic

cells that are normally preserved. A comparison of a daughter

nucleus (Fig. 22) with a granddaughter nucleus (Fig. 23) shows that

the arrangement of the chromatin is similar and that it is due to

similar causes which may be and probably are purely mechanical.
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Summary

The resting nucleus prior to synapsis consists of a reticulum

of linin and chromatin granules and of one or more nucleoli.

The " Chromatinknoten " of Bonnevie are not present.

Before synapsis there is, as in Lilium, a tendency to form a

delicate continuous thread or spirem. There is no union of two
spirems in synapsis.

Synapsis is a real contraction of the nuclear net and not a

growing away of the nuclear membrane from the nuclear network

as claimed by Lawson.

The spirem is a direct transformation from the nuclear net.

The hollow spirem is a thick chromatin cord in which a longi-

tudinal split is only occasionally seen and only in parts of the

same. This split whenever present always closes up completely

before the cross segmentation.

The rearrangement of the spirem takes place which is referable

to the second contraction described for the lilies and other plants.

This results in an entanglement of loops and parallel parts of the

spirem which twist upon each other. During this rearrangement

the transverse segmentation of the spirem occurs.

Each bivalent chromosome is formed by an approximation,

usually side by side, of different lengths of the spirem, which may
have appeared as loops or otherwise. Each bivalent is, therefore,

to be regarded as two somatic chromosomes that were previously

arranged end to end in the spirem. The approximation of two

somatic chromosomes, side by side, or otherwise, or their adherence

end to end to form bivalents, is not known as synapsis in botanical

literature, nor is it properly called a conjugation.

The prevalent form of bivalent upon the mature spindle is

the large ring, although other forms exist.

The daughter segments split longitudinally during metaphase.

This fission may be looked upon as a preparation for the second,

or homotypic, mitosis.

In the construction of the daughter nuclei, the chromatin

does not pass into a finely divided state. The chromatin segments

elongate greatly, becoming wavy or zigzag, and form an inter-

rupted spirem by the union of a number of the free ends. This

spirem is disposed in the form of a wreath or crown open at both
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the polar and antipolar sides. The ends of the chromatin segments

do not fuse into " Chromatinknoten " in the daughter nucleus.
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: Mesozoic flora of the Atlantic coastal plain—

-

IX. Alabama*

The Tuscaloosa formation as developed in western Alabama
has been known for over fifty years to contain remains of fossil

plants, and that it contained a large and varied Cretaceous flora

has been known since Dr. Eugene A. Smith published a brief list

of species in 1894. The principal items in the history of the study

of this formation and its flora may be briefly enumerated as follows:

The Tuscaloosa formation was named by Smith and Johnson in

1887 (U. S. Geol. Surv. Bull. 43: 95) from the city and river

(now usually known as the Warrior or Black Warrior River) of

that name in Alabama. Earlier observers had noticed the pres-

ence of sands and clays below the recognized Cretaceous and

above the Carboniferous, Professor L. Harper, the state geologist

of Mississippi, mentioning them in print as early as 1856 (Proc.

Acad. Nat. Sci. Phila. 8: 126-128) and suggesting that their age

is perhaps Permian or possibly Triassic. The same year Prof.

Alex. Winchell mentioned the Tuscaloosa mottled clays, calling

attention to the contained vegetable remains "appearing like the

stems and leaves of dicotyledonous plants." He doubted their

Triassic age and in his table of formations they appear in the

Lower Cretaceous (Proc. Am. Asso. Adv. Sci. io2
: 92. 1856).

Meek and Hayden in discussing (Proc. Acad. Nat. Sci. Phila. 9:

XI 7-I33- 1857) the Alabama Mesozoic mentioned wood and

leaves and correlated the lower part with the lowest Cretaceous

of New Jersey and Nebraska. Their lithologic characterization

clearly indicates that they are discussing the Tuscaloosa, and they

say that although the weight of the evidence favors the correlating

r the eastern Gulf (
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of these beds with the Neocomian of the Old World positive evi-

dence is lacking that a part may not be older than Cretaceous.

Subsequently, Professor Hilgard (Geol. and Agr. Miss. 61. i860)

described the beds in Mississippi beneath his Tombigbee sands

as the Eutaw group and referred them to the Cretaceous. The
following year Meek and Hayden restated their views and defi-

nitely correlated the beds in Alabama with the Dakota of the

Western Interior (Proc. Acad. Nat. Sci. Phila. 13: 419-421.

1861).

Again in 1876 Meek (U. S. Geol. Surv. Terr. 9: 38-42) re-

affirms his belief that the basal Cretaceous of Alabama is of the

same age as the plastic clays of New Jersey and the Dakota
sandstone of the Upper Missouri section.

All of these geologists failed to discriminate the Tuscaloosa
from the overlying sands and laminated clays of what is now
known as the Eutaw formation. The first reasonably complete
account of the Tuscaloosa formation is given by Smith and Johnson
in the publication previously alluded to. From the attitude,

lithologic character, and stratigraphic position of the beds they cor-

related the Tuscaloosa with the Potomac of the Middle Atlantic
slope, which had just been named and briefly described by McGee
(Rep. Health Officer Dist. of Columbia for the year ending June
30, 1885: 19-21, 23-35), a natural correlation since the Potomac
as understood in the earlier days of its study included beds which
according to the opinions of different students were referred to
various levels ranging from the Triassic to the Cretaceous and
which subsequent study has shown to constitute a series of well-

marked formations, the oldest of Neocomian age and the youngest
of Cenomanian age.

From the year 1883 down to the present Dr. Eugene A. Smith,
the distinguished state geologist of Alabama, has added to our
knowledge of these deposits, being assisted in the earlier years
by L. C. Johnson and D. W. Langdon, Jr. The discovery of all

of the noteworthy localities for fossil plants is due to their efforts.

In 1884 some leaf impressions collected by Langdon in Bibb
County were submitted to Leo Lesquereux, among which he
recognized a species of Podozamites which he thought might
indicate a pre-Cretaceous age. Lesquereux afterward determined
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a small collection of leaves from the Tuscaloosa beds at Tuscaloosa

but this list seems never to have been published.

In 1886 Smith and Langdon discovered several localities for

fossil plants in the vicinity of Tuscaloosa (Cottondale, Snows

Place, Tuscaloosa) and the next year the United States Geological

Survey sent Professor Fontaine into the field.

The latter made large collections of mostly fragmentary

material from these outcrops as well as from one or two other

outcrops near the town of Tuscaloosa. In 1892 Professor Lester F.

Ward visited Alabama and in company with Dr. Smith made

extensive collections from Glen Allen and Shirleys Mill. These

collections received a preliminary study by Professor Ward, who

furnished a list of 35 species which was published by Smith in

1894 in his Report on the Geology of the Coastal Plain of Alabama.

This list enumerated the following forms:

ndromeda novae-calcat

ndromeda Parlatorii t

ralia Wellingtoniana

Cladophlebis parva Font. = Cladophlt

Dewalquea groenlandica Heer*

Diospyros primaeva Heer

Eucalyptus parvifolia Newb.*

In preparation for my work I spent the field season of 1909

in Alabama, revisiting all of the known plant localities and making

extensive collections. In company with Dr. L. W. Stephenson

the WT

arrior and Tombigbee river sections were studied by means
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of a launch trip from Tuscaloosa down to the Eocene contact

at Moscow; the Coosa and Alabama rivers were traversed from

Wetumpka to Montgomery; the Chattahoochee River from

Columbus to Gainesville ; the upper Tombigbee River in Missis-

sippi and various localities in Tishomingo, Prentiss, and Itawamba

counties, Mississippi, were explored. I have also had the benefit

of the collections and notes made by Dr. L. W. Stephenson in his

extensive field and office studies on the stratigraphy and paleo-

zoology of the Cretaceous of the Eastern Gulf area, as well as the

extensive collections previously made for the United States

Geological Survey by Smith, Fontaine, and Ward. All of the

types and duplicate material are in the collections of the United

States National Museum.

Recognizable fossil plants have been found at the following

localities in Alabama and a single locality in northeastern Miss-

issippi: near Iuka, Mississippi; Glen Allen, Shirleys Mill, Tusca-

loosa, Cottondale, Snow Place, Sanders Ferry Bluff, Whites Bluff,

and several other localities in Alabama where only one or two

species have been found. The identifiable species other than those

new to science are enumerated in the following notes.

Locality near Iuka, Mississippi

This is the most northerly known plant-bearing outcrop of the

Tuscaloosa formation. It is situated in a cut on the Southern

Railway if miles east of Iuka in Tishomingo County, and while

near the base of the formation in this county it is younger than

the plant-bearing Tuscaloosa localities in Alabama.

The following species associated with water worn pellets of

amber occur at this outcrop: Andromeda Wardmna Lesq., Andro-

vettia carolinensis Berry, Sequoia Reichenbachi (Gein.) Heer.

Locality near Glen Allen, Alabama

This outcrop is in a cut of the St. Louis and San Francisco

R. R. about one-quarter of a mile east of Glen Allen near the

northern boundary of Fayette County. The following species



Ilex Masoni Lesq.

Lycopodium cretace

, of Atlantic coastal plain

Magnolia Newberryi Berry

Pterospermiles carotin

Salix Lesqiuv

Locality at Shirleys Mill, Alabama

> outcrop is about twenty-five miles south of Glen Allen in

southern Fayette County at a point where the old Fayette-Tusca-

loosa coach road descends to the Davis Creek bottom. The

following species occur at this locality:

A cerates amboyensis Berry Juglans arctica Heer

Andromeda grandifolia Berry Kalmia Briltoniana Hollic

Andromeda Novae-Caesareae Hollick LaurophylhoK

Andromeda Wardiana Lesq.

Asplenium Dicksonianum Heer Liriodendropsis angustifoli,

Bauhinia cretacea Newb. Liriodendropsis conslricla \

Bauhinia marylandica Berry

Brachyphyllum macrocarpum formosutn Lycopodium crelaceum Ben

Magnolia Boulayana Lesq.

Carpolithus floribundus Newb. Magnolia Hollicki Berry

Celastrophyllum Briltonianum Hollick Magnolia Lacoeana Lesq.

Celastrophyllum decurrens Lesq. Magnolia longipes Newb.
Celastrophyllum grandifolium Newb. Magnolia obtusata Heer

Celastrophyllum Newberryanum Hollick Magnolia speciosa Heer

faltiudia i.I.-M.

Citrophyllum aligerum (Lesq.) Berry

Pterospermiles c

J Woolsoni Newb.
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Localities near Tuscaloosa

The following list embraces species occurring at several out-

crops in and near the town of Tuscaloosa in Tuscaloosa County:

Andromeda grandifolia Berry Ficus Woolsoni Newb.

Andromeda Parlatorii Heer Magnolia speciosa Heer

Ficus daphnogenoides (Heer) Berry Salix Lesquereuxii Berry

Locality near Cottondale

This locality is along the public road about 10 miles east of

Tuscaloosa and two miles southeast of the town of Cottondale

in Tuscaloosa County. The following species have been identified

from this outcrop:

Bauhinia cretacea Newb. Magnolia Capellinii Heer

Bauhinia marylandica Berry Magnolia longipes Newb.

Celastrophyllum crenatum Heer Magnolia speciosa Heer

Celastrophyllum grandifolium Newb. Malapoenna cretacea (Lesq.) Knowlton

Celastrophyllum undulatum Newb. Myrica emarginata Heer

Cinnamomum Newberry i Berry Myrsine Gaudini (Lesq.) Berry

Citrophyllum aligerum (Lesq.) Berry Persea valida Hollick

Cocculus cinnamomeus Velenovsky (?) Phaseolites formus Lesq.

Ficus daphnogenoides (Heer) Berry Platanus latior (Lesq.) Knowlton

Ficus inaequalis Lesq. Populus hyperborea Heer

Ficus Krausiana Heer Protophyllocladus subintegrifolius (Lesq.)

Ficus Woolsoni Newb. Berry

Geinitzia formosa Heer Pterospermites carolinensis Berry

Ilex Masoni Lesq. Salix Lesquereuxii Berry

Juglans arctica Heer Sassafras acutilobum Lesq.

Laurus plutonia Heer Sequoia Reichenbachi (Gein.) Heer

Locality on Snow Plantation

Two plant-bearing outcrops occur on the Snow Plantation

about nine miles southwest of Tuscaloosa. These are known in

the literature as "Upper Ravine" and "Big Gully, Snow Place"

and are in enormous gullies eroded into the upland from the west

bank of the Warrior River. The following species occur here:

Abietites foliosus (Font.) Berry Dammara borealis Heer

Andromeda grandifolia Berry Dicksonia groenlandica Heer

Andromeda Novae-Caesareae Hollick Dryopterites Stephensoni Berry

Andromeda Parlatorii Heer Eucalyptus Geinilzi Heer

Celastrophyllum carolinense Berry Eucalyptus latifolia Hollick

Celastrophyllum crenatum Heer Ficus crassipes Heer



Ficus daphnogenoides (Heer) Berry Salix Lesquereuxii Berry

Ficus Krausiana Heer Sequoia ambigua Heer

Laurophyllum angustifolium Newb. (?) Sequoia fastigiata (Sternb.) Heer

Myrica emarginata Heer Sequoia Reichenbachi (Gein.) Heer

Myrsine borealis Heer Tricalycites papyraceus Newb.

Podozamites marginaius Heer Widdringtonites Reichii (Ettings.) Heer

Salix flexuosa Newb. Widdringtonites subtilis Heer

Sanders Ferry Bluff

This locality is on the west bank of the Warrior River about

eleven miles southwest of Tuscaloosa in the county of that name.

The following plants occur at this outcrop:

ipes Heer Salix Lesquereuxii Berry

Ficus Krausiana Heer

Whites Bluff outcrop

This locality is on the right bank of the Warrior River in

northeastern Green County, three hundred and nine miles above

Mobile and near the top of the Tuscaloosa formation. The

following species have been identified from this outcrop:

Brachyphyllum macrocarpum formosum Sequoia heterophylla Velenovsky

Berry Sequoia Reichenbachi (Gein.) Heer

Dewalquea Smithi Berry Widdringtonites Reichii (Ettings.) Heer

In addition to the well-known Cretaceous species in the fore-

going lists the Tuscaloosa formation has yielded upwards of fifty

new species which are described in the following genera: Aralia,

Calycites, Capparites (2), Carpolithus, Cassia, CelastrophyUum (5),

Cladophlebis, Cocculus (2), Conocarpites, Eorhamnidium, Equise-

tum, Eugenia, Ficus (3), Grewiopsis (2), Hymenaea, Junger-

mannites, Leguminosites (3), Lycopodites, MaJapoenna, Menisperm-

ites (2), Myrica, Oreodaphne, Persoonia, Phyllites (2), Piperites,

Platanus (2), Populites, Proteoides, Sapindus, Sapotacites (3), and

Sphaeriies.

The flora as a whole comprises over 150 species, of which over

40 per cent, of the genera are not represented in the existing flora.

None of the species survive into the lower Eocene.

Eights-seven genera segregated into 48 families in 31 orders

are represented, the most abundant orders being the Ranales

with 15 species, the Coniferales with 14 and the Urticales with 8.

The largest single genus is CelastrophyUum with 12 species. The
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Dicotyledonae of the Tuscaloosa formation number 123 species,

distributed in 34 families in 21 orders. The Choripetalae number
107, the Gamopetalae but 16 forms.

The flora as a whole is a lowland coastal flora, many of the

species being strand types. It indicates a land surface of rather

uniform topography, an abundant and well-distributed rainfall,

equable temperatures of warm temperate or subtropical type,

with slight seasonal changes.

Meager floras are found also in the younger Cretaceous strata

of the Eutaw and Ripley formations, but these are not included

in the present contribution.



A bibliography of works on meiosis and somatic mitosis

in the Angiosperms

The accompanying bibliography was prepared, in the first

instance, for the compiler's personal use. He publishes it, be-

lieving that there is need of such a means of reference to the works

on meiosis and somatic mitosis in the plants already studied, and

that, by such publication, interest may be aroused in the groups

hitherto neglected. As far as the writer knows, there is no such

bibliography in existence at the present time, nor has the plan of

citing literature on mitosis with reference to the systematic position

of the plants studied ever been adopted. Inasmuch as the object

of the bibliography is to provide a working basis for further research

no attempt has been made to make the citations on the individual

plants exhaustive. It is believed, however, that from the citations

given one can obtain references to all the literature. Works

published before 1880 have not been cited; the citations extend

to May, 1 91 3. Works on the morphological development of the

male and female gametophytes have been mentioned only when

they contain matter of cytological interest. The writer has used

his own discretion with respect to articles of questionable relevance,

and also in deciding whether or not incidental references to somatic

mitosis should be cited.

The bibliography was compiled chiefly at the libraries of

Cornell University, Columbia University, and the New York

Botanical Garden ; and my thanks are due to their librarians for

courtesies shown me. I am also obliged to Professor G. F. At-

kinson, Professor R. A. Harper, and Dr. A. B. Stout for access

to some otherwise unobtainable articles, and to Professor G. F.

Atkinson for examining the manuscript sheets.

The writer is aware that such a bibliography as here presented

must be inadequate in many ways, and he hopes that those who
can will acquaint him with omitted references.

The nomenclature employed is that of X. L. Britton's "Manual
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of the Flora of the Northern States and Canada," 2d ed., 1907,

when the plants cited are contained in this volume. In the case

of forms not within the range of this work, the nomenclature

follows the rules laid down by the International Botanical Congress

at Vienna. Where the two systems differ, the designation of the

Vienna code is added in parentheses.
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The sudden death of Edward L. Morris on September 14,

last, is a loss not easy to estimate. He was by preference a

student of systematic botany, but long experience as a successful

teacher, and active work as a museum curator, gave him a breadth

of scientific training and an appreciation of popular and scientific

points of view that are not often combined in those whose position

makes them the interpreters of science to the public.

Those who knew Mr. Morris feel that their personal loss over-

shadows everything else. He had to an unusual degree the

genial charm of manner that makes and retains friends, and a

loyalty that takes no account of time or effort spent in helpful

service. His daily life was so full of patience, cheerfulness, and

sympathy, that few realized how great, at times, was his own

burden. Even when his own life was full of trouble, he was never

without the characteristic cordial greeting for everyone he met.

With high ideals and the strong convictions that accompany

them, he was frank in the expression of opinion, but at the same

time modest in statement and considerate of the views of those

from whom he differed. The affectionate respect of his associates

and the cooperation they gave him tu e striking testimonials to

his own personality.

In his own work Mr. Morris set for himself a severe standard,

and demanded like faithfulness from others; yet he worked with

s Bulletin for October (40: 529-598. pi. 23. 24) 1
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an enthusiasm that enlivened dry detail and routine. Whatever
he did showed painstaking method, sincerity of purpose, and

devotion. As a colleague has written of him, " He put his heart

as well as his conscience into his work." He was a patient in-

vestigator and a close observer, but willing to defer any conclusion

until he had a first-hand knowledge of the facts. This desire for

truthfulness made him chary of publication; there was so often

some minor point that required more study for a complete under-

standing of the case.

The facts of Mr. Morris's life are, briefly, as follows:—He
was born at Monson, Mass., October 23, 1870, the son of Edward
Franklin Morris and Louise Janette Clapp, and his youth was
spent in the vicinity of his birthplace. At as early an age as

eleven, he began the systematic study and collection of the plants

of the township, continuing his collecting throughout his pre-

paratory school course. Entering Amherst College in the autumn
of 1888 from Monson Academy, he was given special credit for

the botanical work already done, and an opportunity to continue
it in connection with the college museum. During his third and
fourth college years he had especial privileges for advanced work
in botany and zoology, and was in charge of the college museum.

Obtaining the bachelor's degree from Amherst in 1891, he
spent one year at the Museum of the Worcester Natural History
Society, one year in graduate study at Harvard, and two years

as instructor at Amherst, which conferred upon him the degree
of M.A. in 1895.

Of his work at Amherst Professor Tyler says, in a letter re-

cently received: "It always seemed as if he was working purely

for the enjoyment of it. He was a very hard worker, and made
his students work. The best men did so because they caught his

spirit, the others because they had to. He made things very
clear, and always knew what to tell and how much to leave to

the student to find out. He never made his teaching a mere
memorizing of dry details."

In 1895 Mr. Morris removed to Washington, D. C, and for

twelve years was connected with the school system of that city,

for the last seven years being head of the department of biology-

His progressive teaching here developed a course in biology
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that reached the life and activities of young people. He always

taught as if in the laboratory, arousing the interest of his stu-

dents, stimulating them to seek first-hand knowledge, teaching

them that biology was a matter of everyday life, and training

them to think clearly and hard. During the year 1907, Mr.

Morris resigned his position in Washington to become curator of

natural science in the Museum of the Brooklyn Institute of Arts

and Sciences, a position which he held at the time of his death.

For one year, also, after the resignation of Dr. Lucas, he was

acting curator-in-chief. This position gave him the chance to

develop the ideas of the educative value of museum collections

that he had long held. Believing that exhibition specimens

should always arouse the desire for further information, he not

only saw that the books furnishing such knowledge were close

at hand, but insisted that every visitor should have, if he desired >

the opportunity of personal conversation with the curator.

In addition to professional duties, Mr. Morris found the

time to take an active part in general scientific work, his own

motto for such things being, "Make both tie for first place."

In Washington he was a member of the botanical, biological,

and entomological societies, and of the Cosmos Club, but most

closely identified with the Washington Biologists' Field Club, of

which he was a founder and leading spirit. No one who knew

him at "The Island" could fail to see how very close to his heart

the success of the Club was, or forget how enthusiastically he

entered into the plans for its development. Even after leaving

Washington he kept in close touch with all that went on at the

Club, and never failed to revisit it when circumstances permitted.

He had made a large collection of plants from the Club property,

which he hoped to make the basis for a detailed catalogue.

For years Mr. Morris's especial pleasure had been the syste-

matic study of the Plantaginaceae, of which he had accumulated

a large amount of material, many species being represented by

alcoholic as well as ordinary herbarium specimens. It was a

source of keen regret to him that increasing duties encroached

upon the leisure hours that he preferred to spend upon his col-

lections. The characteristic desire for accuracy delayed the

publication of many conclusions that had already been attained,
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conclusions that it is hardly possible to reconstruct from the

notes available.

Besides what has already been mentioned, Mr. Morris was for

a short time associate editor of School Science and an associate

examiner on the College Entrance Examination Board. At the

time of his death he was editor of the Torrey Botanical

Club, of which he had been a member since 1901. In 1898 he

collected for the United States National Herbarium on the

Florida Keys, and in 1900 was an assistant upon the staff of the

United States Fish Commission in West Virginia. For four years

he was a special plant expert of the Department of Agriculture,

doing field work in Oregon, along the Great Lakes, and in Iowa.

In 1908 Mr. Morris was secretary of the Nomenclature Com-
mission of Section G of the American Association for the Advance-
ment of Science, and in 191 1 was elected a fellow of the Association.

Mr. Morris was twice married, his first wife being Florence

Syvret, of Charlton, Mass., who died in 1903. In 1907 he married
Mary E. Bedell, of Washington, D. C, who, with a son, survives

Plant study. Plant World 2: 77. F 1899.
A revision of the species of Plantago commonly referred to Plantago

patagonica Jacquin. Bull. Torrey Club 27: 105-119. 24 Mr

3- Batrachium hederaceum in America. Proc. Biol. Soc. Washington

4- Some plants of West Virginia. Proc. Biol. Soc. Washington 13:

I Vernonia gigantea pubescen:
Polypodium vulgare oreophilw

Xorth American Plantaginaceae—U
. Bull. Torrev Clu

122. pi. 12. 2 Mr 1901.
P. verluillata, P. picta, P. oblonga, P. ignota, P. speciosa, P. obvet
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6. A correction of Vernonia gigantea pubescens. Proc. Biol. Soc.

Washington 14: 25. 2 Ap 1901.

7. Plantago septata E. L. Morris sp. nov. In Britton, N. L., & Rydberg,

P. A. An enumeration of the flowering plants collected by R.

S. Williams and J. B. Tarlton. Contributions to the botany of

the Yukon Territory 4. Bull. N. Y. Bot. Garden 2: 182. 27

My 1 901.

8. Botanizing in and around a lake. Plant World 4: 109, no. Je

Plants for the aqua

Abnormal Trilliums. Plant World 6: 87-89. Ap 1903. [Must.]

The bush morning-glory. Plant World 7: 109-113. pi. 5, 6. My
1904.

ipomoea leptophylla Torr.

Plantago (Plantaginella) coelorhiza Morris & Macloskie, n. s. In

Macloskie, G. Flora of Patagonia. Reports of the Princeton

University Expeditions to Patagonia 8: 734. pi. 25 C. S 1905.

North American Plantaginaceae—III. Bull. Torrey Club 36:

515-530. 1 O 1909.

P. xerodea and P. pusilla Engelmannii, nora. nov.

The nomenclatural authority for Gonionemus Murbachii. Proc.

Biol. Soc. Washington 22: 179-182. 30 O 1909.

Herbarium suggestions. Torreya 11 : 145-149./. 1-3. 19 J 1 I9H-

The germination of cat-tail seeds. Torreya IX : 1 81-184. /• x > 2 -

12S1911.

[Review of] Stewart's Botanical survey of the Galapagos Islands.

Torreya 11:22?, 221. 18O1911.
Museum cata'ogues. Proc. Am. Assoc. Museums 5: 35-38-

1911.

[Review of] Dinsmore's Plants of Palestine. Torreya 12: 34-36.
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The ferns and flowering plants of Nantucket—XI

Eugene P. Bicknell

CELASTRACEAE

*Celastrus scandens L.

Rare; it is found sparingly on Coskaty entwined with wild

rose and red raspberry near the harbor shore, and in Shawkemo,

where it is massed thickly along a low bank back of the beach.

Flower buds June 4, 1909; first flowers June 2, 191 1.

ACERACEAE
Acer rubrum L.

In swamps and low grounds. It is commonly of no greater

stature than a shrub, but in sheltered thickets becomes a well-

developed tree, and in Beechwood has attained a height of not

less than thirty to thirty-five feet, the trunks thirty to thirty-five

inches in basal girth. The leaves of different trees are widely vari-

able, sometimes appearing much like those of Acer carolinianiim,

again taking an elongated form with narrowly cleft attenuate and

sharply cut lobes.

*Acer carolinianum Walter.

Frequent in boggy thickets, sometimes side by side with those

forms of Acer rubrum with which it is most sharply in contrast.

It is a tree of marked individuality when appointed in its true

features but these are not always well expressed and its divergence

from the red maple cannot be said to have passed into a fixed

separation. In its most characteristic forms the small thickish

leaves, rather clustered at the ends of the branchlets, are of

rounded outline and broadly notched into three short lobes, the

blades, only 4-6 cm. long and wide, having the upper surface of a

dark shining green, the lower surface conspicuously whitened and

more or less pubescent.
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A. dasycarpum Ehrh.

About two miles from the town scattered among an open growth

of pines off the Wauwinet road are to be found a few small silver

maples not over three or four feet in height. They were first

observed in 1909.

*ACER PLATANOIDES.

The Norway maple has been little used on Nantucket, but is

self-seeded in planted grounds and has occasionally grown up

into small trees in neglected places.

Acer Pseudo-platanus L.

Many fine sycamore maples shade the streets of the town and

produce a numerous progeny of seedlings some of which persist

and grow into small trees in out of the way places. In full flower

along the streets June 6, 1909.

The three introduced mapla6 here mentioned have only the

slenderest claim to be included in the island's wild flora and are

reported mainly for purposes of record as widely cultivated trees

which are tending to become naturalized.

BALSAMACEAE
Impatiens biflora Walt.

Common in low grounds often bordering thickets or growths

of rankly growing taller plants. A form occurs having very pale

or whitish spotted flowers. First flowers July 1, 1912; blooms

through September.

VITACEAE
Vitis Labrusca L.

Very common generally and in many places conspicuous from

its luxuriant growth. It thrives in low thickets draping the

shrubbery and strays into open places, trailing among the grass

and herbaceous plants or even sprawling in bare sandy fields.

Flower buds June 12, 1909; first flowers June 17, 1908; June 18,

1 9 10; well-formed green fruit June 27, 1912.

The fruit may be of the largest size and deep purple or amber

purple in color, or much smaller, more numerous and crowded
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in the clusters, and greenish or greenish purple even when fully

ripe. This pale-fruited form is locally abundant on Marthas

Vineyard, where it is often wholly green at maturity and is known

to the islanders as the white wild grape. I did not myself see it

growing there, but, on Sept. 28, 191 1, was shown several large

sacks filled with the perfectly ripe green fruit which, in gathering,

had been kept separate from the usual purple kind.

VlTIS AESTIVALIS Michx.

Found only on the eastern side of the island, where it is frequent

or locally common in wet or dry thickets sometimes actually

intertwined with Vitis Labrusca. It occurs in Shawkemo, Pocomo,

Coskaty, and Squam, and south to Tom Never's Pond. Comes

into flower rather later than V. Labrusca. Flower buds very

small June 7, 191 1, and June 13, 1908; first flowers June 26, 1910;

still in bloom July 11, 1912. It appears to fruit only sparingly

on Nantucket, although bearing abundantly on Marthas Vineyard.

Fruit small and green Aug. 13, 1906; becoming purplish Sept.

11, 1907. On Marthas Vineyard much of the fruit was still

unripe Oct. 5, 191 2.

A very old vine near Abram's Point measured twenty-one

inches around close to the base and seventeen inches a foot above.

Parthenocissus quinquefolia (L.) Planch.

In thickets, either in low grounds or on the dry plains, some-

times trailing over banks clothed with crisp lichens and bearberry

or even thriving in exposed white sand. Flower buds barely

visible June 1, 1909, and June 14, 19"! no °Pen flowers UP to

July 12, 1912.

The leaflets vary from glabrous to thickly pubescent with

silvery hairs on the lower surface and to some extent on the

upper surface also; this pubescence may extend thinly along the

petioles but seems always to be absent from the branchlets and

tendrils. It is a character that has been adduced as distinctive

of Parthenocissus hirsutus (Donn) Small, but as to the pubescent

Nantucket plant there seems little reason to doubt that it is

merely a condition of the common Virginia creeper. The leaves

of young plants are often very pubescent, and in older plants the

lower leaves may be pubescent and the later ones quite glabrous.
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MALVACEAE

*Malva verticillata L.

The herbarium of the Nantucket Maria Mitchell Association

contains a specimen of this mallow, collected by Mrs. Nellie F.

Flynn, bearing the record "Waste place, Sept. 22, 1902."

*Malva moschata L.

Several white-flowered plants in full bloom July 9, 1912, in a

vegetable garden at Surfside; Surfside, Aug. 1909, Mrs. Mary A.

Albertson; lane off Madequet road, 1905, Mrs. Eleanor W.
Morgan, fide F. G. Floyd.

Althaea rosea Cav.

Freely spontaneous by street sides and in neglected places

about the town and appearing occasionally in waste lots in the

suburbs. The seedling plants begin to spring up at the end of

May. Just in flower in several waste spots July 12, 1912.

Hibiscus Moscheutos L.

When in bloom the rose-mallow is conspicuous at a number of

the shore ponds on the northern and eastern sides of the island,

but it seems to be quite wanting about the ponds on the south

shore. At most of its localities it is not abundant, although grow-

ing in profusion at a few places. It is found at Capaum Pond,

Reed Pond, Monomoy, Shimmo, Squam Pond, and on Coskaty,

where it was in full bloom Aug. 16, 1906. Flowers observed as

late as Sept. 11, 1907.

Mr. Floyd's notes refer to a form having white flowers with a

crimson eye found by a small pond in Monomoy by Miss Mary
Foster Coffin. It is not improbable that this may have been

Hibiscus oculiroseus Britton, which is nol rare on Long Island.

HYPERICACEAE
Ascyrum hyperico:des L.

Long known from Nantucket, the northeastern limit of its

range, but not at all a scarce plant there, as has been supposed.
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It is, however, confined to the eastern side of the island, where it

is locally common from Wauwinet to Quidnet, extending west to

Beechwood and south to beyond Sachacha Pond. In full flower

Aug. 7, 1906; continues to bloom until late in September. It

often spreads out into patches of considerable size, which become
noticeable from their light green color as early as the middle of

June.

Hypericum adpressum Bart.

Common about several ponds in Polpis and Saul's Hills;

west of Sachacha Pond; Waqutuquaib Pond; Miacomet Pond;

a single early flower July 11, 1912; in full flower Aug. 7, 1906;

Sept. 1, 1904; some flowers remaining Sept. 18, 1907. The young

plants have become several inches high by the middle of June.

Early in the season this St. John's-wort may be seen in small

ponds either wholly submerged or showing emersed leafy tips.

Later, when the waters have fallen, such plants often develop with

unusual vigor, becoming fully two feet high with the leaves pro-

portionately enlarged and the submerged portion of the stem

greatly thickened with spongy tissue (var. spongiosum Robinson).

Where colonies of the plant extend back from a flooded shore a

complete gradation may be traced from this spongiose aquatic

condition to the more usual terrestrial state. The latter comes

earliest into bloom, the most dwarfed examples of the driest

situations flowering first and often precociously.

The spongiose tissue is doubtless homologous with the aeren-

chyma produced on the floating stems of Decodon verticillatus.

A slight but evident spongiose enlargement of the lower part of

the stem is sometimes seen in Hypericum canadense and in Hyperi-

cum boreale when these low ground plants grow in very wet places.

Hypericum perforatum L.

One of the bright-flowered weeds of fields and waysides, and

scattered widely over the plains and
June 27, 1910; June 29, 1912.

Hypericum punctatum Lam.

Not common but found sparingly

separated stations, mainly on the eastei
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observed west of Maxcy's and Hummock Ponds. Plants of full

size June 15, 191 1; small flower buds June II, 1912; in full flower

and with some mature pods Aug. 16, 1906. So far as observed, the

Nantucket plant has always sessile broadly clasping leaves.

Hypericum boreale (Britton) Bicknell.

This is the commonest Hypericum of the island, abounding in

low grounds, damp or wet sandy places, and pond shores. It is

sometimes aquatic, inhabiting deep water with the habit of a

Callitriche, the elongated leafy stems either wholly submerged or

their tips emersed. In wet sand it may become strongly stolonif-

erous, putting forth prostrate basal offshoots which reach a length

of several inches and root at intervals, sending up small flowering

stems and terminating in a cluster of stems from the rooted tip.

The young plants become recognizable early in June. Just in

flower Aug. 13, 1906, remaining in bloom through September.

Hypericum mutilum L.

Common in low grounds, often with its characters unusually

well emphasized, the broadly clasping leaves becoming as large

as 3 cm. long by 2 cm. wide. The earliest leaves are observable

at the end of May and the young plants take definite form early

in June. In full flower Aug. 13, 1906; flowering through

September.

Hypericum majus (A. Gray) Britton.

Infrequent, growing in damp places. West and southwest of

the town ; Trot's Swamp; Miacomet Pond
;
Quaise. Just in flower

Aug. 11, 1906; in full flower Sept. 8, 1904; Sept. 12, 1907.

Hypericum canadense L.

Common in low grounds and wet sandy places. Leaves often

almost filiform linear. Plants very small May 30, 1909; a single

early flower June 20, 1908, and July 3, 1912; in full flower and

with mature capsules Aug. 13, 1906; continues in flower through

September.

*Hypericum dissimulatum sp. now

Erect, often from an oblique or horizontal rooting base,

commonly 1.5-3 dm. high, exceptionally up to 5.5 dm., not often
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branched below the middle; leaves narrowly oblong, obtuse,

sessile or subclasping, 3-5-nerved, 1-3 cm. long, 2-6 mm. wide;

branches slender, openly ascending, bearing dichotomous many-
flowered bracteolate cymes, the bracts subulate; sepals oblong to

lanceolate, obtuse or acutish, equaling or shorter than the cap-

sules; capsules greenish to reddish purple, small, 2-4 mm. long,

ellipsoid to conic-ovoid.

Maine to Maryland and North Carolina. Type from Nan-

tucket, damp roadside west of the town, Sept. 20, 1899, in flower

and fruit, in herb. N. Y. Botanical Garden. Also collected on

Nantucket Sept. 8, 1904, Miacomet Pond, and Sept. 9, 1904,

near the town.

This plant has been known to me for many years, having been

collected first in York County, Maine, then on Nantucket, on

Marthas Vineyard, where it is more common than I have found

it elsewhere, and on Long Island. It is found in damp

sandy places, usually growing with H. canadense, H. majus, H.

imttilum, and H. boreale, one or all, and is not less distinct in

appearance from each of them than are they among themselves.

It differs from H. canadense in broader often subclasping leaves,

more diffuse inflorescence, and smaller often ellipsoid capsules.

Narrower leaves, more spreading and compound inflorescence,

and smaller capsules distinguish it readily from H. majus, while it

stands apart from H. mutilum by stricter, less branched habit,

narrower less clasping leaves and longer, or more ellipsoid, purple

capsules. Certain specimens approach H. canadense in the form

and color of the pods, other examples seem nearer to H. mutilum,

and it may well be questioned whether it be not a hybrid of these .

two* species or, indeed, partly of H. canadense and H. boreale as

some specimens might seem to suggest. all of

St. John's-worts of this group are nearly related and, considering

the extended coastwise range of H. dissimulatum, as good reasons

appear for viewing it as one of a chain of close species as for

surmising that it may be a cross.

In addition to material from Maine, Nantucket, Marthas

Vineyard, and Long Island, collected by myself, the following

specimens may be cited

:

In herb. N. Y. Botanical Garden:

Rhode Island: Kingston, Aug. 21, 1906, E. S. Reynolds.
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Pennsylvania: Smithville, Lancaster County, /. K. Small 6r

J. J. Carter.

Maryland: Hyattsville, Aug. 13, 1904, H. D. House.

North Carolina: Mica, June, 1898, C. W. Hyams.

In herb. Columbia University:

New York: Springfield, L. I., 1896, Elizabeth G. Knight;

New Dorp, Staten Island, Aug. 31, 1890, N. L. Britton.

Sarothra gentianoides L.

Abundant in dry sandy places, stems appearing June 15, 191 1

;

in full flower in September. The plant may be actually minute,

its simple stem bearing only a single flower, or densely branched

to form a firm convex mass 1-1.5 dm. in diameter.

Triadenum virginicum (L.) Raf.

Very common in wet swamps and about the borders of muddy
ponds. Earliest leaves May 31, 1908; no flowers remaining in

September.

ELATINACEAE
Elatine Americana (Pursh) Am.

Common in some of the sandy ponds, growing in shallow water

near the shore. Observed especially in Maxcy's Pond, Miriam

Coffin Pond, and Miacomet Pond. At Maxcy's Pond on Sept

12, 1907, it grew as profusely on the damp sand where the water

had receded as beneath the surface along the shore. At one spot

in heavy mud ten yards or more from the water's edge it had

formed compacted moss-like mats, some of them six inches across,

a mode of growth remarkably unlike that of the submerged plant.

Correlated with this difference in habit ran a variation in characters

which was brought out strikingly by comparison of the living

plants. In water and on damp sand the individual plants were

separate in growth, uniformly simple-stemmed, and whitish or

pale green in color. In the mud form the matted stems were often

divergently much branched and the general color a lively green

tinged with reddish or purple, these tints deepening on the cap-

sules into bright crimson; instead of greenish white the petals

were rose color and were sometimes as large as 1.5 mm. in breadth.

The capsules, some being four-valved, were larger than those of
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the submerged plant and of a distinctly different form, depressed-

subglobose and wider than long instead of broadly obovoid and

longer than wide; actual measurements were 2 mm. wide by
i mm. long in the terrestrial plant and only 1-1.5 mm. wide by

1 mm. long or more in the normal aquatic form.

CISTACEAE

Crocanthemum canadense (L.) Britton.

IleUanthemum. canadense Michx.

The typical plant is not common and is rather local in its

distribution, giving place to the following, which is everywhere

abundant. It is however frequent in the oak barrens towards

Siasconset and is found sparingly in Quaise, on the plains towards

the south shore, on Great Neck and elsewhere. No flower buds

visible June 3, 1909; first flowers June 11, 1909; in full flower

June 19, 1910; a few flowers remaining June 30, 1912. Reduced

petaliferous flowers are often produced in September.

Similar to Crocanthemum canadense but lower and of more
branched and spreading habit, commonly diffuse and semi-

prostrate or ascending, the pubescence somewhat more densely

and softly canescent, intermixed with scattered non-stellate

longer hairs and some minute glandular hairs of a reddish color;

leaves smaller and shorter than those of C. canadense and of a

more bluish green color, mostly oval and elliptic and obtuse,

often very small and crowded on the short divergent branchlets;

flowers slightly paler than in C. canadense; mature calyx

often larger, the sepals very broad and mostly acuminate, usually

bearing reddish papillae on the outer surface and reddened glandu-

lar or viscid hairs in the pubescence; primary inflorescence an

ascending succession of single petaliferous flowers succeeded by
rather numerous flowers intermediate in size and character be-

tween these and the later apetalous ones.

Well marked and abundant all over Nantucket, combining

with such common and characteristic island plants as Amelanchier

nantucketense, Ilex fastigiata, and Linum intercursum to stamp the

flora with a signally distinctive character. It is found also on

Marthas Vineyard and on the Hempstead Plains of Long Island.



614 Bicknell: Ferns and flowering plants of Nantucket

Blooms rather earlier than C. canadense. First flowers May 31,

1909, and quite generally in bloom June 1; June 3, 191 1; still

some flowers June 26, 1910. At one station a number of clus-

tered plants bore flowers so pale in color as to appear almost

white.

Type from Nantucket, Sept. 21, 1899, in herb. N. Y. Botanical

The typical form of the plant has an unlikeness to typical

Crocanthemum canadense greater than appears between some

other closely allied species within the genus, and this diversity

of aspect becomes especially striking when, as is sometimes the

case, the two are found growing near together. Typical C.

canadense is a taller erect plant with lighter-colored stems and

longer and more slender and simple ascending branches, narrowly

oblong or oblanceolate leaves tapering to the base and the acute

apex, brighter green on the upper surface and less densely pubes-

cent. Ordinarily it holds very true to these characters, showing

little tendency to marked variation. In several instances where

the two plants growing near together allowed a close comparison

of the open flowers, those of C. dumosum were seen to be notably

the larger, the acuminate sepals reaching a length of 8-10 mm.

and reddened with glandular hairs and papillae, while those of

C. canadense, narrower and mostly obtuse, were but 5-7 mm. long

and only obscurely if at all glandulose. These differences are

not, however, always so well marked. Nevertheless C. dumosum

is evidently a strongly established derivative of C. canadense,

even if it be not yet wholly disconnected from that species. It

has been a recurring source of confusion to not a few Nantucket

collectors and it seems altogether expedient to dispose of it as a

stumbling block by giving it identity by a name.

*Crocanthemum majus (L.) Britton.

Helianthemum majus B.S.P.

Rather common on the plains towards the south shore; else-

where very local although widely scattered, but wanting over a

great part of the north and east sides of the island. No visible

flower buds June 22, 1910, July 2, 1912; first flowers July 10, I9 12 *

small petaliferous flowers sometimes appear in September.
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*Crccanthemum propinquum Bicknell.

mum propinquum Bicknell.

Rather local, but not uncommon in dry open places or along

sandy roadways through pine barrens. Common on Marthas

Vineyard. In full bloom June 26, 1910; not many flowers left

June 29, 1912; a few belated flowers July 11, 1912.

This plant, not at all uncommon from Nantucket to western

Long Island and doubtless further south, appears to remain

almost unknown to botanists and seems not to have been reported

by any collector since it was first described in Britton's Manual

over eleven years ago. In the seventh edition of Gray's Manual

it has been quite misunderstood, being mistaken for the plant

described in this paper as Crocanthemum dumosum and referred

to as being probably only a stunted form of C. canadense.

I know the plant now much better than when I ventured to

give it a name and have found no reason to doubt that it is an

unequivocal species, that is to say, one that is organically discrete

from those allied species which most nearly approach it, however

close the degree of their relationship. Narrow indeed is the

interval between this plant and those other convergent species

whose distribution it partly shares. But I have not found in

this any proof of consanguinity but rather an example of the

exceeding closeness in which specific lines may run in perfect

security from coalescence or entanglement. The plant is to be

viewed critically especially in its relation to C. majus. Its

clustered primary flowers at once give this indication and mark

its distinctness from C. canadense. Singularly enough, however,

in the later stages of its growth it more nearly resembles the

latter, agreeing in color of foliage and slender ascending branches

surpassing the primary inflorescence. This character of the

mature plant sketches it out clearly from C. majus, of strict

habit and short close branches, but in its unbranched early-

flowering stage, then also of paler foliage, it is almost a reduced

counterpart of the larger plant.

To review its differences from Crocanthemum majus, it is a

much smaller and more slender and flexuous plant, at length

more openly and slenderly branched, less densely canescent from

the first and finally much greener, the leaves 1
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obtuse, often spatulate-linear, and usually on more obvious

petioles; the primary inflorescence is of more delicate and open

structure, the flower buds elliptic in form rather than ovoid, the

calyx becoming notably larger, 8-10 mm. long, and often strongly

reddish-tinged, thus equaling in length the largest calices of

C. canadense as well as corresponding in color, although with

narrower sepals and wanting the characteristic pilose hairs; the

narrow outer sepals are shorter than in C. majus, and the even

smaller petals are of rather a brighter yellow; the primary capsules

are smaller, thinner-walled, and less broadly ovoid, longer than

wide instead of wider than long, and are without the umbonate

tip; it is, in fact, much more like the capsule of C. canadense,

although smaller and narrower; the papillose seeds are also much
like those of C. canadense.

There is nothing in all this that denotes the plant to be neces-

sarily of mixed strain, nor do my observations lead me to believe

that it is a hybrid. It does indeed possess in combination the

early flowering time of Crocanthemum canadense and the smaller

pale yellow flowers of C. majus, together with the slender branch-

ing of the one and the clustered petaliferous flowers of the other,

yet its capsule has not its counterpart in that of either, nor is it

intermediate with them, being smaller and less broadly ovoid.

The plant stands apart from these companion species also in its

small size and more delicate structure, in the prevailing form of

the leaves and in its non-cespitose habit. Its slender stems,

although sometimes loosely clustered, commonly arise at distinct,

even remote intervals along tortuous elongated rootstocks, forming

open groups or larger patches, sometimes several feet in diameter.

It is rarely found associated with more than one of its close allies,

often, indeed, occupying territory where not either one of the

others is found at all.

The relationship of Crocanthemum propinguum to the little-

known C. georgianum of the southern states is evidently close,

although, according to Dr. Small, the latter possesses the very

distinct character, as compared with the northern group of species,

of bearing the petaliferous and apetalous flowers in the same

clusters.
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HUDSONIA ERICOIDES L.

Few plants of Nantucket spread over the island more widely

or in greater abundance than this little heathlike species and

not one is more conspicuous in the landscape when in full bloom.

Nor is there any other that, at flowering time, puts its scene in

color with quicker transformation, for there come seasons when it

bursts into bloom on all sides in the hours of a single hot morning.

Earliest flowers May 30, 1909, quite generally in bloom June 2;

first flowers June 4, 191 1, in the early morning, everywhere in

flower by noon; abundantly in bloom June 7, 1908, inflorescence

becoming brown by the 13th and but few flowers remaining on

the 18th; in the season of 1910 it had passed flowering in exposed

places June 20, although still blooming freely in the shade of pine

groves.

After full bloom it remains for one or two weeks the season's

most conspicuous flower, spreading its sheets of gold along the

roadways and over acres of plain and hillside, a radiant sight.

A few days later the flowers are withered and the wide tracts

that had glowed with their color become brown and rusty as

if seared by fire.

In open sandy places where this plant has formed the compact

circular cushions that are one of its modes of growth, the flowers

usually open first close to the ground on the side towards the

morning sun, blending together in patches of expanding brightness

as they continue to unfold. Gradually as the sun rises overhead

the glow of color creeps back along the borders of the tuft, some-

times uniting around its circumference in a golden ring. Soon

afterwards the entire tuft has become an unbroken mass of bloom.

Often in midsummer these cushion-like tuftb even in the hottest

and most exposed sandy spots remain fresh and green in bright

contrast to their parched surroundings, calling to mind so remote

a comparison as the stones along a woodland brook covered with

green moss.

In open pine scrub south of the town on June 5, 191 1, several

patches of thii plant, all near together, bore flowers of palest

sulphur-yellow, in striking contrast to the normal bright yellow

flowers everywhere about them.
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Hudsonia tomentosa Nutt.

Very abundant, blanketing the dunes and reaches of white

sand back of the beaches and occurring on sandy exposures all

over the island. It is sometimes found in association with the

preceding but seems not to mix readily with any other plant.

Close to blooming June 3, 191 1 ; in full flower June 7, 1908, June 15,

1910, and some flowers remaining June 27; last flowers July 2,

1 91 2, on the exposed ocean front at Siasconset, where many plants

flower laler than in more protected parts of the island. Ordinarily

it begins to flower a little earlier than Hudsonia ericoides.

Lechea minor L.

Abundant on the eastern side of the island from Wauwinet

to Saul's Hills and Siasconset, extending west to Shawkemo and

through the South Pasture to Surfside ; not seen on the western

side of the island. The season's shoots a few inches high June 23,

Lechea villosa Ell.

Much less common than the preceding but like it restricted

mainly or entirely to the eastern side of the island, having a

scattered distribution from Wauwinet to Siasconset and the

South Pasture and from Pocomo to Shawkemo and Saul's Hills.

Lechea maritima Leggett.

One of the island's mo^t common plants, appearing every-

where in dry sandy soil, even to the tops of Saul's Hills. It

makes its best growth in pure sand, where it becomes widely

branched and densely canescent. In less simple soils amid the

low vegetation of the moorland or in partial shade it is more

thinly canescent and shorter-branched, having a narrower panicle

and closer inflorescence. Such forms take on a likeness to Lechea

juniperina that seems almost to shadow the origin of that more

northern species. Sometimes on rising ground in open growths

of pines or other trees it may become very slender and greener,

with more scattered leaves and branches, more slenderly branched

and open panicle of longer-pedicelled flowers and rather larger

fruiting calyx—var. interior Robinson.

In full flower Sept. 3, 1904, Sept. 11, 1899; small new shoots
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June 15, 1910. In the autumn, sometimes as early as September,

the basal shoots may be found beneath the surface of the sand

so densely invested with white pubescence as to appear as if

coated with hoar frost.

*Lechea Leggettii Britton & Hollick.

L. moniliformis Bicknell.

Not rare on the eastern side of the island from Wauwinet to

Polpis, Gibbs' swamp and Tom Never's swamp; one station near

Madequecham Pond on the south shore. It is found in low

grounds spreading to dry sandy levels near wet places; in one

instance it grew on the border of a sphagnum bog, and in another

in wet soil along a brackish marsh.

Plants 6 inches high June 24, 1910; flower buds well advanced

Aug. 7, 1906; some mature pods Aug. 31, 1904-

This, in its extreme phase, is the plant described by me some

years ago as Lechea moniliformis. The type specimens, as well as

others like them from Long Island, mark a pronounced departure

from typical L. Leggettii. Other specimens from Nantucket and

Long Island are less distinctive and I am in doubt whether it is

well to rate the plant as other than a variety of the common

species. Nevertheless, it has points of distinction which need

no second glance to impress any one who may be familiar with the

common inland form of the species, for L. moniliformis would

appear to be a plant of the coastal plain, and there is as yet no

evidence that it does not belong exclusively among our coastal

plain species. Moreover it shows this difference in habits from

the more inland plant of dry open places and hilly ground, that

it is of low grounds often of wet and brackish soils. A better

knowledge may show that its distinctive name should be restored,

but for the present let it be merged with L. Leggettii. I take to

be typical of the latter the plant that I used to find among the

hills and rocky outcroppings along the Hudson near New York

and which, found also in New Jersey and on Staten Island, largely

made up the material studied by Leggett and by Britton &
Hollick. As compared with this the main distinguishing characters

of L. moniliformis are the slender and elongated flowering branchlets

and the markedly secund and moniliform inflorescence, for in the
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typical plant the ultimate inflorescence takes a short corymbulose

rather than a slenderly racemulose plan. These flexuous branch-

lets are often borne on short spreading branches crowded on the

upper part of the stem, producing a broadly ovoid or obovoid,

often dense and very leafy panicle instead of a more oblong and

open one. The leaves, similar to those of L. Leggettii proper,

are rather longer and more tapering acute and narrowed into more

evident petioles 1-2 mm. long. The mature calyx and pod is

commonly larger and more elliptic than in the typical plant and

is usually further distinguished by its decidedly purplish color;

also the capsule is rather more exserted and often more distinctly

short-stipitate, and the general pubescence is sparser and of

rather longer and looser hairs.

Note.—Lechea racemulosa Lam. was attributed to Nantucket

by Mr. Leggett and is reported by Mrs. Owen as having been

found there by Mr. Dame. There would seem to be little reason

to doubt that these records were based on mistaken determinations.

VIOLACEAE
Viola pedata L.

The commonest blue-flowered violet of Nantucket, broadcast

on the plains and commons and among open growths of scrub

pines. The flowers are often small for the species and of deep

color, varying to pale lilac and sometimes pure white.

The spring flowers of Nantucket are late in coming, and this

violet, which on Long Island colors acres of the Hempstead

Plains from April, in early seasons, until the middle of May or,

in later seasons, till the end of the month, is commonly in full

bloom on Nantucket from late in May until after the middle of

June. In the forward season of 1908 no flowers were to be found

after June 15, but the following year children on their way to

school were seen carrying large bunches on June 6, and it was

blooming in profusion as late as June 1 2 . Flowers are occasionally

produced in midsummer and, more frequently, in September.

On Sept. 1, 1904, among scrub pines where, earlier in the year,

fire had passed, destroying the herbage, many of these violets

had sprung up afresh and were in full bloom. The leaves of all

differed curiously from their normal form, being narrowly to
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broadly cuneate and flabellately cleft into irregular lobes of varying

length and breadth. Plants with similar leaves collected June 12,

1908, were rooted deep in heavy yellow sand and, like those of

the burned-over tract, had doubtless suffered some disturbance

of their normal course of growth.

*Viola obliqua Hill.

Viola affinis LeConte. See Bull. Torrey Club 40: 261-270.

I9I3-

On a shaded bank at Watts Run, an abundant growth, and

sparingly in a not distant thfcket in Squam ; also in the shade of

a willow by a bog hole west of Trot's Swamp. In full flower as

late as June 9, 1909.

Becoming 3.5 dm. high, or more; leaves thin, from narrowly
to broadly cordate-ovate, attenuate to acuminate, acute, in age
widely dilated at base and broader than long, the largest 9 cm.
wide, the upper surface with some minute appressed hairs;

sepals ovate to ovate-lanceolate, obtuse, flowers often becoming
upturned; peduncles of apetalous flowers of very variable length

even on the same plant, declined, ascending or sometimes strictly

erect and over 1.5 dm. high; capsules mostly blotched with purple,

sometimes pale, the expanded valves 7-10 mm. long; seeds pale.

*VlOLA PAPILIONACEA Pursh.

Viola cucullata of authors, not Aiton. See Bull. Torrey Club

40: 261-270. 1913.

Found only in a boggy meadow about a mile west of the

town, growing sparingly with Viola lanceolata; in full flower

June 1, 1909.

Plants rather small, somewhat tufted from multicipital root-

stocks; scapes mostly not longer than the leaves; leaf blades cor-

date-ovate to triangular-cordate, crenulate-serrate, thinly pubes-

cent on the upper surface with appressed silvery spiculae; sepals

narrowly lanceolate, sometimes elongate, ciliolate; flowers pale

blue, or deeper blue, much darker towards the throat.

Viola laetecaerulea Greene.

V. papilionacea of authors, in part, not Pursh. See Bull.

Torrey Club 40: 261-270. 1913-

Found only in the town, where it is frequent by streetsides

and in shaded yards, often forming close beds, and appearing as
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if introduced. In flower June 3, 1909, June 7, 191 1. Petioles

more or less pubescent dorsally, sometimes densely villous, but

more often glabrous, except towards the base of the blade ; blades

mostly with some pubescence beneath at the base or along the

veins. When growing in damp shaded yards the leaves are

thinner and brighter green, resembling those of Viola obliqua;

plants more deeply set in looser and drier soils have duller leaves

of thicker texture, the blades broadly reniform with wide sinus

and rounded to the short-pointed apex, the margins more closely

crenate-serrate ; capsules green.

Viola fimbriatula Sm.

Excepting Viola pedata no other blue-flowered violet is common
on Nantucket. Therefore it might be thought that the purity

of the fimbriatula line would be wholly uncontaminated, and that

variation in the species might be seen in its intrinsic phases free

from any influence of hybridization. Nevertheless, the variation

•shown under this insular seclusion is not less remarkable than is

commonly the case elsewhere, where associated species may be

supposed to have had their influence. The more common form

on Nantucket has ovate-oblong subcordate leaves little if

at all incised and often as long as the petioles. A coarser

form has longer petioles and larger blades, which become

5 cm. or more wide across the subtruncate base. In bare

spots on clayey soil are found very small forms with ovate to

ovate-lanceolate subentire leaves narrowed into short petioles

and crowded in a close rosette against the ground. In shade

among the Miacomet pines there is a form having considerable

pubescence but otherwise showing something of the aspect of

Viola sagittata, many of the narrow and long-petioled leaves

being rather deeply cordate and saliently dentate at the base

with upcurved acute teeth and, notwithstanding their pubescence,

appearing bright green and shining on the upper surface; the

flowers are deep purple with the rather narrow petals often

crenulate and obscurely pointed.

A series of Nantucket specimens was submitted to Doctor

Brainerd who says of them, referring especially to the sagittata-

like plants: "Your plants are not strictly hybrids but intermediate
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forms which have probably resulted from hybridization in the

indefinite past. We have no pure Viola sagittata in Vermont, but

most of your odd forms turn up from time to time in the Champlain

*Viola fimbriatula Sm. X obliqua Hill.

A single cluster growing with Viola obliqua on a shaded bank

at Watts Run, June 9, 1909.

Petioles and peduncles pubescent with short spreading hairs,

the leaf blades similarly clothed on the veins beneath, sparsely

appressed-pubescent on the upper surface, ciliate; later leaves

ovate-oblong and openly cordate, or somewhat attenuate-triangu-

lar from a subtruncate base, coarsely and rather closely sinuate-

dentate towards the base, the largest 6 cm. wide by 9 cm. long

on petioles 10-15 cm. long; apetalous flowers few, mostly weakly

developed, the buds lanceolate and acute, their petioles ascending-

horizontal or declined.

This plant grew in shade beside a mass of Viola obliqua. No
Viola fimbriatula was found with it, but the specimens are obvi-

ously intermediate between these two species, and on Nantucket

no others are possibly to be assigned as parents.

*VlOLA ODORATA L.

An old garden plant of the town, here and there strayed

along streetsides and established in neglected yards. One

particular tuft has grown for many years in a crevice between

the paved sidewalk and a brick wall on North Water Street.

It was first noticed in 1899, and has been found at the same spot

on every subsequent visit to the town, evidencing both the

tenacity of the plant and the undisturbed repose of the town

streets.

Viola lanceolata L.

Very common in bogs and low grounds and in wet sandy soil

about the borders of ponds. In full flower May 30, 1908, June 3,

J 909, June 3, 191 1, and still commonly in flower June 15; some

flowers remaining June 25, 1910.

Plants growing with Viola pollens and appearing more or less

intermediate with it, and others approaching Viola primulifolia

are not improbably hybrids.
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*Viola primulifolia L.

Less common than the preceding and often found in drier soils.

In full flower May 31, 1908, June 1, 1909; last flowers June 17,

1910, June 15, 1911.

Viola pallens (Banks) Brainerd.

Common in open sphagnum bogs and meadows and in damp
thickets. No flowers left May 31, 1908, June 7, 1909; still bloom-

ing June 3, 1910, a few last flowers June 8, 191 1.

A form of distinct appearance was found in several wet sphag-

num bogs, especially in one near Shawaukemmo Spring. It is

strictly glabrous throughout, the scapes and petioles delicately

streaked with pink, the leaf blades unusually thick and veiny,

becoming as large as 5 cm. in breadth, and varying in shape from

long-ovate and deeply cordate to broadly cordate-reniform ;

petioles sometimes 9 cm. long; longer peduncles 1.5 dm.; capsules

green; seeds 1-1.25 mm. long, dark gray to nearly black when
mature. Doctor Brainerd, who has examined specimens, regards

it as a form of Viola pallens.

Note.—Viola blanda Willd. which proves to be common on

Marthas Vineyard is to be looked for on Nantucket.

New York City



The influence of starch, peptone, and sugars on the toxicity of \

nitrates to Monilia sitophila (Mont,) Sacc,

Introduction

Winogradsky and Omeliansky (7) found that the addition of

.05 per cent of glucose or asparagin to nitrite-media hindered the

development of the nitrate-bacteria. Peptone at a somewhat

greater concentration was also detrimental. These substances

are widely used in the preparation of culture media, but have

been given little attention by investigators of the problems of

toxicity.

Fluri (2) has reported that the salts of aluminum render the

protoplasm of Spirogyra and other water plants permeable and

are, therefore, injurious to these plants. He found, however,

that if glucose, glycerin, or isodulcitol are mixed with the alumi-

num salt it loses its power of rendering the protoplasm permeable.

Thus the toxicity of aluminum salts to these plants depends upon

whether or not glucose, glycerin, or isodulcitol are present in the

medium. Quite recently Schreiner and Skinner (4) have reported

that the toxicity of the organic poison cumarin is counteracted by

phosphates, thus indicating a relation between the organic and

the inorganic part of the medium.

In view of these results it has seemed worth while to investigate

the influence of organic substances on the toxicity of inorganic

salts. It has been my object to determine the toxicity of different

salts in the presence of certain inorganic substances that are much

used in the preparation of culture media.

Material and methods

I have used the fungus Monilia sitophila in all of my experi-

ments and have found it well suited to my purpose. Some of the

things that recommend it are as follows: (1) It is a rapid grower.

On a favorable medium at room temperature it will produce spores

625
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in fifteen hours. (2) It is able to use as a partial source of its

food supply a rather large number of organic compounds. Went

(6) has found that it grows well on media containing any one of

the following substances: maltose, trehalose, raffinose, saccharose,

cellulose, starch, fats, and proteids. This makes it especially

suitable for experiments in which the organic part of the medium

is to be varied.

All of my cultures were grown in Petri dishes that were pre-

viously immersed for at least ten hours in cleaning solution made

according to Duggar's method (1). In the preparation of media

and for rinsing glassware redistilled water was used.

In the tables that follow, the zero sign indicates that none of

the spores on the medium in question had germinated, the minus

sign indicates that germination and microscopic growth had taken

place, while the plus sign indicates that growth was visible to the

naked eye. All cultures were incubated at room temperature

(about 22 C.)*

In order to determine whether or not the toxicity of various

salts to Monilia sitophila is influenced by sugars, starch, or pep-

tone, each of these organic substances was used separately in

testing the toxicity of the inorganic salts. I have designated the

highest concentration of a salt that would permit germination of

the spores in a given medium, as the limit concentration for that

medium. A number of preliminary experiments were made to

determine the approximate value of the limit concentration for

each salt in each medium used. The results obtained in a final

set of experiments are shown in the tables given below.

Experimental

Monilia will produce a considerable grpwth of mycelium and

will ripen spores on a medium made by adding 5 grams of corn-

starch to 95 cubic centimeters of redistilled water. The results

obtained in a series of experiments in which different inorganic

salts were added to this medium are shown in table i. The

concentrations varied from 1.33 molar for potassium nitrate to

.000004 molar for zinc nitrate.

The table shows at a glance the increasing toxicity of the

nitrates used, in the order in which they are arranged in the table
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TABLE I
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from potassium to zinc. Monilia made sufficient growth to be

easily visible to the naked eye in the starch medium containing

potassium nitrate at a concentration of 0.8 molar or less, while

at a concentration of 1.33 molar the spores germinated and pro-

duced microscopic growth. In a starch medium containing cal-

cium nitrate at a concentration of 0.667 molar, the spores germi-

nated but produced such a small amount of mycelium that it

could be observed only with the aid of the microscope.. It is

interesting to note that after three days no germination had taken

place in this medium. This shows that in such concentrations

growth is very slow. In all media containing calcium nitrate at

a concentration of 1.33 molar or less, there was abundant growth.
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When sodium nitrate at a concentration of 0.533 molar was

combined with the starch medium no germination occurred.

When the concentration was 0.400 molar a small amou

growth was obtained. In still lower concentrations enough

mycelium was produced to be easily visible to the naked ey

was found that growth was much retarded in media containing

the higher concentrations of sodium nitrate. This shows thai

near the limit concentration the rate of growth of Monilia de

creases as the amount of sodium nitrate is increased.

Barium nitrate in the starch medium at a concentration o:

0.187 molar inhibits the germination of the spores. At a con.

centration between 0.156 molar and 0.094 molar, the spores

germinate but produce such a small amount of mycelium that it

is not visible except under the microscope. At a concentration

of 0.062 molar or less, good growth was obtained.

When the concentration of urea nitrate in the starch medium

was 0.125 molar, the spores were unable to germinate. When the

concentration was reduced to 0.063 molar, the spores germinated

but produced such a small amount of mycelium that it was not

visible to the naked eye. Good growth was obtained when the

concentration of urea nitrate was 0.05 molar or less.

In starch media containing ammonium nitrate at a concen-

tration of 0.05 molar none of the spores germinated, but when the

concentration was 0.038 molar, they germinated and produced

microscopic growth. When the concentration was reduced to

0.025 molar or less, abundant growth occurred.

Aluminum nitrate in starch media at a concentration of 0.0025

molar inhibits the germination of the spores. At a concentration

of 0.0013 molar the spores germinate and produce microscopic

mycelia, while at concentrations of 0.0006 molar or less, good

growth is obtained.

Ferric nitrate in starch media is quite toxic to the spores of

Monilia. In concentrations of 0.00027 molar or less, good growth

was obtained, but in more concentrated media little or no growth

occurred.

Silver nitrate is even more toxic than ferric nitrate; when its

concentration was 0.00027 molar, the spores germinated, but

produced only microscopic mycelia. In more concentrated media

no germination took place.
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Zinc nitrate in starch media is far more toxic than any of the

other nitrates used; at a concentration of 0.000034 molar, it

inhibited the germination of spores. In a concentration of

0.000025 molar, the spores germinated and produced microscopic

mycelia, but when the zinc nitrate was used at a concentration

of 0.000017 molar or less, abundant growth was obtained.

Ammonium tartrate is the only organic salt that was tried in

these experiments. In starch media it is slightly more toxic than

ammonium nitrate. In a concentration of 0.025 molar, the spores

germinated but produced only microscopic mycelia, while in a

like medium containing the same concentration of ammonium
nitrate abundant growth was obtained.

As shown by table i zinc nitrate is the most toxic substance

used in starch media. If its limit concentration be taken as one

then the limit concentrations of the other nitrates in the same

medium may be expressed, by comparing equimolecular con-

centrations, approximately by the following numbers: silver

nitrate, 5; ferric nitrate, 26; aluminum nitrate, 52; ammonium
nitrate, 1,520; urea nitrate, 1,600; calcium nitrate, 16,560; and

potassium nitrate, 53,200.

To show at a glance the relative toxic values of the various

substances used, they are given in the order of their toxicity in

table 11. That toxicity does not seem to be related co the

valence of the kation is also shown by this table.

The table shows, in the

titration at which growth <

>e of each salt, the greatest con-

; obtained when the salt was used
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in starch media. A comparison of equimolecular concentrations

shows that of all the nitrates used, potassium nitrate is the least

toxic and zinc nitrate is the most toxic to Monilia when it is grown

in a starch medium. Beginning with the least toxic, the order of

toxicity of the nitrates in starch media is as follows: potassium

nitrate, calcium nitrate, sodium nitrate, barium nitrate, urea

nitrate, ammonium nitrate, aluminum nitrate, ferric nitrate,

silver nitrate, and zinc nitrate. Having thus determined the

degree of concentration at which the different nitrates are toxic

to Monilia sitophila in starch media, experiments were made in

which the organic part of the medium was varied for the purpose

of determining whether or not the toxicity of these salts can be

modified by the presence of one or another of the organic sub-

stances commonly used in making media. The organic substances

tried are peptone, glucose, fructose, and galactose. The results

obtained in these experiments are shown in tables hi to vm.
As shown by table hi, barium nitrate in peptone media at a

concentration of 0.133 molar inhibits the germination of the

spores of Monilia. In a starch medium containing barium

nitrate at a concentration of 0.156 molar, the spores germinate and

produce a small amount of mycelium. This shows that barium

nitrate is more toxic in peptone media than in starch media.

No concentration of barium nitrate shown in table hi was of

sufficient strength to inhibit germination and growth in the

presence of glucose. There was, however, a very small amount

of mycelium in the media containing the barium nitrate at a

concentration of 0.167 molar. This indicates that the toxic dose

in glucose media is near the concentration 0.167 molar. The

toxicity of barium nitrate in starch media and in glucose media is

approximately the same. Its toxicity in peptone media is much

greater than in glucose media or in starch media. In fructose

media its toxicity is approximately the same as in starch and

glucose media but is much less than in peptone media. At a

concentration of 0.1 molar, barium nitrate in the presence of

galactose inhibits the germination of spores. Its toxicity in

galactose is approximately the same as in peptone, but is much

greater than in starch, glucose, or fructose.

5.033 molar, aluminum nitrate in peptone
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TABLE III

media inhibits the germination of the spores; in a concentration of

0.017 molar, the spores germinate and produce microscopic

mycelia. Aluminum nitrate in starch media is more than ten

times as toxic as in peptone media. Its toxicity in glucose media

is approximately the same as in starch media. It is much less
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TABLE IV
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toxic in peptone media than in glucose or starch media. It is

less toxic in starch media and in peptone media than in glucose

media and in fructose media. In galactose it is less toxic than in

fructose. Barium nitrate, on the other hand, is much more toxic

in galactose media than in fructose media.

glue
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As shown by table v, ferric nitrate at .

0.0067 molar, does not hinder the growth of Monilia in peptone

media. In glucose media it inhibits the germination of the

spores, when present at a concentration of 0.0007 molar. The
small amount of mycelium obtained in fructose media containing

ferric nitrate at a concentration of 0.0007 molar indicates that

toxic in galactose than in fructose media,—but is much less toxic

in peptone than in any of the other media used.

distilled water + '

The small amount of growth obtained in peptone media

containing urea nitrate at a concentration of 0.2 molar indicates

that this is approximately its limit concentration. In peptone

media containing ammonium tartrate at a concentration of 0.027

molar, only microscopic mycelia were obtained. The toxicity of

urea nitrate in starch media is four times as great as its toxicity

in peptone media. The toxicity of ammonium tartrate, on the

other hand, is approximately the same in starch as in peptone
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TABLE VII

0067 molar soli tion of ferric nitr

0067 "

0067 "

.oo6

?

7 "

Table vii shows the degree to which peptone

toxicity of ferric nitrate in starch media. When only 1 per cent

of peptone was added to this medium none of the spores germi-

nated ; when 2 per cent of peptone was added the spores germinated

and produced microscopic mycelia, but when 4 per cent of peptone

was added vigorous growth was obtained.

table viii

. galactose

As shown by the above table, barium nitrate is m<

peptone and galactose than in the other media. Alumii
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and ferric nitrate, on the other hand, are far less toxic in peptone

than in the other substances used. Urea nitrate is more toxic in

starch media than in peptone media, while the toxicity of ammo-

Discussion

My observations show beyond question that the concentration

at which various inorganic salts are toxic to Monilia sitophila

depends on the kind of organic substances contained in the media

to which those salts are added. The same substance at a given

concentration may be highly toxic in one medium but quite

harmless in another. The concentration of ferric nitrate that

inhibits the growth of Monilia in starch media has little or no

effect upon its growth in peptone media. Lipman (3), using a

peptone medium, found that calcium chloride is more toxic to

Bacillus subtilis than is potassium chloride, sodium chloride, or

magnesium chloride. My experiments suggest that he might

have obtained a different result by adding these chlorides to a

medium containing starch or sugar instead of peptone. Ssadikow

(5) has tested the toxicity of strychnin salts to Bacillus subtilis,

using as his media, bouillon, nutrient agar, and nutrient gelatin.

He found this organism able to withstand a surprisingly high

concentration of these salts. A very different result might have

been obtained if the strychnin salts had been added to media

lacking in peptone.

We have in such experiments, it seems to me, a means of

attacking the whole question as to the nature of toxicity and toxic

effects from an important and rather neglected standpoint and I

hope to extend this work to a study of still other combinations of

toxic and non-toxic substances as regards their effects on various

living organisms. It is also obvious that such data are necessary

to a proper understanding of the effects of various food substances,

drugs, etc., both from the standpoint of the significance of the

medium with which the chemical is combined when offered as a

food and from the standpoint of its relation to the organic reserve

and other substances which it meets in the cell.
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Summary

1. The degree of toxicity of barium nitrate, aluminum nitrate,

ferric nitrate, and urea nitrate to Monilia sitophila depends on the

organic substance contained in the media in which these salts

2. Barium nitrate is more toxic in peptone media than in

starch media, while aluminum nitrate and ferric nitrate are more

toxic in starch media than in peptone media.

3. Barium nitrate has practically the same toxicity in starch

media that it has in either glucose or fructose media. Its toxicity

in peptone media is the same as its toxicity in galactose media.

4. The toxicity of aluminum nitrate in galactose media is the

same as its toxicity in starch media. Its toxicity in fructose is

much greater than in peptone or glucose.

5. The toxicity of ferric nitrate is approximately the same in

starch as in glucose, fructose, or galactose. Its toxicity in peptone,

however, is much less than in any of the other substances used.

6. Urea nitrate is four times more toxic in starch media than

in peptone media.

7. The toxicity of ammonium tartrate is practically the same

in starch as in peptone media.

8. If the limit concentration of zinc nitrate in starch media be

taken as 1, then the limit concentration of the other nitrates in the

same kind of media may be expressed, by comparing equimolecular

concentrations, approximately by the following numbers: silver

nitrate, 5; ferric nitrate, 26; aluminum nitrate, 52; ammonium
nitrate, 1,520; urea nitrate, 1,600; calcium nitrate, 16,560; and

potassium nitrate, 53.200.

This work was done in the laboratories of the University of

Missouri and under the direction of Dr. George M. Reed, to whom
I am greatly indebted for encouragement and advice.

Columbia University, New York City
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Resistance of the prothallia of Camptosorus rhizophyllu

desiccation*

Camptosorus rhizophyllus (L.) Link is found growing with

mosses and lichens on the shaded surface of dry limestone ledges

and on detached limestone slabs in open ravines and torrent beds.

Only rarely have groups been found in well-shaded or continually

moist places in this region (southern Indiana). Growing in places

thus exposed without constant water supply, the plants are

subjected to brief periods of abundant moisture (during and

immediately after precipitation) which alternate with longer

periods of drought. That plants with a delicate prothallial stage

in their life history could secure and retain residence under such

•conditions has been a cause for surprise.

The drought-resisting power of some greenhouse cultures of

this fern grown in the spring of 19 12 suggested a possible adapta-

tion to its well-known xerophytic habitat. In an attempt to

determine Lo what extent this ability to withstand drought might

be a factor in adaptation, fronds with mature spores were collected

in October, 1912, and cultures were made as usual on sterilized

soil in clay saucers. These cultures were subjected to a variety of

conditions to be later enumerated.

An attempt was made to obtain information on the following

points: the uniformity of spore germination and prothallial

development, the ability of prothallia to resist or survive natural

drought conditions, and the ability to survive conditions leading

to complete desiccation.

Fronds were collected on October 26, 1912, and kept between

sheets of filter paper in a book in the laboratory. The sporangia

were lightly crushed to free the spores and then sown on thoroughly

sterilized soil, November 22, 191 2. The cultures were kept in

the greenhouse and were protected by bell-jars supported on
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small blocks of wood to provide adequate ventilation. Some

cultures were exposed to direct sunlight while others were exposed

to strong diffused light only. The temperature conditions were

the same, 20-25 C. The soil was kept moist, not wet, but was

allowed to show a dry surface for a period of 12 to 24 hours once

each week. The first green was noticed December 17, at which

time the prothallia when examined with a microscope were found

to be composed of two to ten cells each. These cultures showed

good growth, seeming to suffer no injury from the dry periods.

Those in the sunlight showed rather a more rapid development

than those in diffused light. On February 11, 1913, the culture

in sunlight contained prothallia in good condition but varying

in size from merely germinated spores up to plants 2-3 mm. broad

with but very few antheridia or archegonia. The culture in

diffused light did not show similar prothallia until March 21, 1913.

The spores of Camptosorus rhizophyllus germinate very irregu-

larly. Twelve weeks after the spores were sown, a small bit of

soil—not over 3 mm. square—removed from a culture where the

plants seemed most thrifty, showed all stages in development from

spores with the perinium just ruptured to prothallia bearing

mature antheridia and archegonia. Many spores retain their

vitality up to May in the dry atmosphere of the laboratory, and

fronds collected in March furnished viable spores for cultures.

The long dormant period of spores on the moist soil of cultures

suggests that they might remain so on the soil of their habitat

through the winter season.

Four methods of reducing water content were used. First,

a glycerin desiccator was used, consisting of two glass vials

through which, by means of an aspirator, a current of air was

drawn after passing through two U-tubes containing glycerin and

crumpled filter paper. Heaviest c.p. glycerin was used. The

aspirator was arranged so that the air of the vials was changed

about one hundred times each twenty-four hours. Second, cul-

tures were left under bell-jars, exposed to the warm air and full

sunlight of the greenhouse. Third, cultures were left under bell-

jars, exposed to the dry air and diffused light of the greenhouse

lobby or vestibule at a slightly lower temperature, 16-20 C.

This place represents as nearly as possible the natural growth
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conditions. In the second and third cases full ventilation was
secured by allowing the jars to rest on blocks of wood 2 cm. high.

Fourth, large portions of a culture were placed in a desiccator over

c.p. sulphuric acid and the whole apparatus was kept in a cool,

moderately lighted location. In all cases, when soil and pro-

thallia were removed from a dry chamber they were placed in

contact with moist soil under a bell-jar subject to full diffused

light at a temperature of 16-20 C, for recovery. Examination

for dead prothallia was made after three or four days under such

conditions. Extreme care was taken at all times when removing

portions of cultures to or from the dry chambers, to leave the

prothallia as far as possible undisturbed and uninjured.

Results—glycerin desiccator.—A large portion of the soil of a

culture was removed to the vial of the desiccator and allowed to

remain in the dry air undisturbed, except as small portions were

removed for recovery and growth. Specimens placed in the

desiccator on March 22 seemed to revive completely up to April 22,

at which time a few small dead prothallia were found in a portion

removed. Another portion removed April 29 showed about 50

per cent of the prothallia dead. The last of the soil and prothallia

was removed May 5. All the smaller plants and all but a very

few of the larger plants were dead at that time.

In this set of experiments a very few fully matured prothallia

survived continuous exposure to dry air for forty-four days.

Very few were damaged by such exposure for a period of thirty

days. That the recovery was complete in case of survival is

proven by the continued growth of the prothallia and their later

production of sporophytes.

That vigorous desiccation follows immediately after the plants

were placed in the vials is shown by the fact that the soil had

given up all free moisture in twenty-four hours after being placed

therein. As a check, at the beginning of this experiment a clump

of thrifty mature prothallia of Onoclea Slruthiopteris was placed

in one of the vials. After forty-eight hours' exposure to the dry

air not one plant recovered.

A similar set of experiments was arranged with the whole

apparatus exposed to the direct sunlight. Most of the prothallia

so exposed were dead at the end of twenty-eight days, and all were

dead after thirty-five days of <
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Results—sulphuric acid desiccator.—A portion of soil bearing

prothallia was removed to a porcelain dish in a desiccator con-

taining c.p. sulphuric acid. The lid was sealed down with vaseline

and the apparatus placed in diffused light at a temperature of

16-20 C. After eighteen hours the prothallia showed a marked

yellowish color. A portion removed after four days showed a

recovery of but two or three per cent. The plants removed at

this time recovered very slowly, requiring a week to resume a

normal appearance.

Results—normal dry air.—The soil mass of a culture was divided

into two approximately equal parts and carefully removed to

sterilized clay saucers. One portion was placed under a bell-jar

exposed to the full sunlight in the greenhouse. The other was

kept under a bell-jar exposed to full diffused light and at a temper-

ature of 16-20 C, an average of four degrees lower than that for

the first portion. After three weeks, but a few of the plants

exposed to direct sunlight recovered, and all were dead after five

weeks of such exposure. Of the second lot not exposed to direct

sunlight a portion removed after thirty-four days showed almost

complete recovery. After fifty-five days, about 25 per cent of the

prothallia recovered. After sixty-three days, a very few of the

largest plants recovered and continued to grow.

The conditions under which the second group of plants was

kept approximate very closely the summer conditions in the

regular habitat of Camptosorus rhizophyllus. The results of that

set of experiments certainly suggest an explanation of this plant's

abundant growth under such conditions. It should be noted here,

as above, that full recovery of the plants has been demonstrated

by their continued growth and later production of sporophytes.

If mature prothallia can withstand continuous drought for two

months, they would certainly survive the difficulties of the

average season after late March, at which time spores may
germinate outside. The occasional rains through the summer

would make possible recovery, fertilization, and the production of

sporophytes.

In connection with this set of experiments another should be

noticed. A culture was prepared as for all the above on No-

vember 25, 1 91 2. The drainage was such that a part of the soil
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surface was dry at all times, except when occasionally flooded.

The remaining portion was moist as in the other cultures. All

gradations of moisture were in evidence in and between the two
regions. Small prothallia were seen on December 18 on the

damp soil. On March i, 1913, most of the prothallia of this

region showed mature sex organs. The drier portions at the

latter date showed germinating spores, dwarf male prothallia,

and later stages in development up to mature plants. After

March 1 , this culture was watered irregularly and was allowed to

become quite dry each time before more water was applied.

After April 15 the culture was screened from the direct sun.

Water was occasionally applied so as to flood the whole surface.

On May 5 there were many living prothallia and several young

sporophytes. On June 9 there were several large, living pro-

thallia and the young sporophytes were uninjured, although during

the previous month the culture had been four times dry, once for

seventy-two hours.

Summary

As has been stated above, the experiment of subjecting pro-

thallia to normal dry air without direct sunlight,—continuous

conditions approximating the average of varying conditions found

in nature,—has shown that the production of mature prothallia

under such conditions is possible. The other experiments of

subjecting prothallia to more thorough desiccation in the glycerin

desiccator and over sulphuric acid show the possibility of sur-

viving the extreme conditions found in nature. There can

remain but little doubt that the drought-resisting character of

the prothallia is a very effective factor in the adaptation of

Camptosorus rhizophyllus to its habitat.

Indiana University, Bloomington
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A. West Indian mosses known to Linnaeus

In Linnaeus' Species Plantarum* 8 generaf and 103 species of

mosses are recognized, of which only 2 are known to be tropical

American in their distribution, ranging from southern Florida to

South America. The first of these tropical species is Bryum albi-

dumh. (p. 1 1 18) known to Dilleniust as Bryum nanum, lariginis

foliis albis, and now known as Octoblepharum albidum (L.) Hedw.,

with the type locality on the island of New Providence in the

Bahamas.

The other species, Rhizogonium spiniforme (L.) Bruch was

the first species of Hypnum named by Linnaeus and it also was

based on a Dillenian description and plate.§ He called it "the

Herring 1

s-Bone Hypnum" and his specimens were sent to him from

Mt. Diabolo, Jamaica, by Sir Hans Sloane. Its range through

the tropics is even wider than that of Octoblepharum, including the

Islands of the Pacific; both species are known to occur not only

throughout the American tropics but also in Asia and Africa.
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i. Octoblepharum albidum (L.) Hedw. Descr. 3: 15. 1791

Bryum albidum L. Sp. PI. 11 18. 1753.

Type locality: New Providence, Bahamas.

Distribution: Florida and the Bahamas, throughout the West

Indies; in Cuba, Jamaica, Haiti and St. Domingo, Porto Rico,

Dominica, St. Thomas, St. Kitts, Montserrat, Guadeloupe,

Martinique, St. Lucia, Grenada to Trinidad ; also in South America

and tropical regions of Africa and Asia.

Illustrations: Dill. Hist. Muse. pi. 46. f. 21; Hedw. Descr.

3: pi. 6A; Card. Rech. Anat. Leuc. pi. 12. f. 61.

Exsiccatae: Sull. Musci Cub. Wright. 55. 1861; Husnot, PI.

Ant. Fr. 121. 1868; Austin, Musci App. Suppl. 478. 1874: Ren. &
Card. Musci Am. Sept. Exsicc. 213; Holz. Musci Acroc. Bor. Am.

57; Small, Mosses S. U. S. 52.

2. Rhizogonium spiniforme (L.) Bruch, Flora 29: 134. 1846

Hypnum spinaeforme L. Sp. PI. 1122. 1753.

Mnium spiniforme C, Mull. Syn 1: 175. 1849.

Type locality: Mt. Diabolo, Jamaica, Hans Sloane.

Distribution : In wet woods, in tropical regions of all portions

of the world. Southern United States: Georgia, Alabama

Louisiana, Florida; Jamaica, Cuba, Haiti, Porto Rico, Guadeloupe

to S. America: Mexico, Guatemala, Costa Rica, and Panama.

Illustrations: Sloane, Hist. Jam. pi. 25. f. 4. 1707; Dill. Hist

Musc.332.pl. 43. f. 8. 1741.

Exsiccatae: Sull. Musci Cub. Wright. 58. 1861; Husnot, PI

Ant. Fr. 152. 1868; Austin, Musci App. Suppl. 516. 1874; Ren. &
Card. Musci Am. Sept. Exs. 64; Holz. Muse. Acroc. Bor. Am.

j74; Pringle, Musci Mex. 10482.

Another of the Linnaean species, Hypnum cuspidatum L., has

been found in the high mountains of Jamaica. Pogonatum

nigerum L. Sp. PI. 1109. 1753, was also credited to Jamaica, fol-

lowing Dillenius, who quotes Hans Sloane's History of Jamaica

and mistook his /. 5, pi. 25, for this European species. F. 4 of

the same plate is unmistakable for Rhizogonium spiniforme.

B. West Indian mosses known to Olof Swartz

In his Prodromus, Swartz* retained 5 of the generic names

* Olof Swartz, Nova Genera & Species Plantarum seu Prodromus, etc. 138-142.
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used by Linnaeus* and enumerated 41 species, which as at present

recognized belong to 37 different genera, three of these having

their type localities in Hispaniola (Haiti and Santo Domingo), all

the rest in Jamaica.

In studying the collections made by Mr. Wm. Harris in Jamaica

and ourown later collections, a special effort has been made to obtain

an accurate knowledge of these Swartz types and Dr. A. LeRoy
Andrews, of Cornell University, very kindly consented, when

he visited Stockholm in the summer of 1912, to examine these types

for me and compare them with specimens from our own collections

in Jamaica, sent as duplicates to the Naturhistoriska Riksmuseum.

Dr. Andrews was able to see and compare the original specimens

with ours in all but two cases: Bryum parasiticum Sw. [= Syr-

rhopodon parasiticus (Sw.) Besch.] and Hypnum congestum Sw.

[= Pleuropus congestus (Sw.) Broth.], which species we have not

yet been able to recognize, the former being from Hispaniola and

the type lacking in Swartz' herbarium, the latter from Jamaica

and Haiti. We suspect from the illustration given by Hedwig that

the latter is probably referable to PalamocladiumBonplandi (Hook.)

Broth., which Brotherus later refers to Pleuropus, though he states

that he has not seen specimens of Pleuropus congestus.

Tn 1806 Swartz discarded his Linnaean limitationsf and adopted

some of the generic changes proposed by Hedwig (i793 )» to whom

he sent specimens of most of his West Indian mosses, from which

almost all of Hedwig's plates were drawn. This eliminated

Fontinalis and Mnium from the West Indies and added seven

generaj and three species to the list given in the Prodromus; he

further amplified his list by giving more in detail the stations and

habitats. These are translated and quoted in the following list

of species in the sequence enumerated by Swartz, with their modern

names, synonyms, and distribution as at present known to us

from the W7
est Indies:

mm, and Hypmtm.* Fontinalis, Polytn

tFI. Ind. Occ. 3: 1 759-1841. i8o<

XEncalypta, Trich,ostomum. Tortu



656 Britton: West Indian mosses

i. Neckera jamaicense (Gmel.) E. G. Britton, comb. nov.

Fontinalis crispa Sw. Prod. 138. 1788. Not Hypnum crispumh.

Sp. PI. 1124. 1753.

Hypnum jamaicense Gmel. Syst. Nat. 2: 1341. 1791.

Neckera undulata Hedw. Descr. 3: 51. 1792.

Neckera undulata Hedw.; Sw. Fl. Ind. Occ. 3: 1780. 1806.

Neckeropsis undulata Kindb. Eu. & N. A. Bryin. 1: 20. 1897.

Habitat and type locality: "On trunks of trees in dense low

woods, Jamaica."

Distribution: Not uncommon on trees from Florida and the

Greater and Lesser Antilles to Trinidad ; Mexico, Guatemala, and

Panama; also in South America.

Illustrations: Dill. Hist. Muse. 294. pi. 32. f. 8; Hedw.

Descr. pi. 21 (from Swartz* type).

Exsiccatae: Austin, Musci App. Suppl. 529; Sull. Musci Cub.

Wright. 75; Husnot, PI. Ant. Fr. 155; Grout, N. A. Musci Pleur.

2. Neckera disticha (Sw.) Hedw. Descr. 3: 53. 1792

Fontinalis disticha Sw. Prod. 138. 1788.

Neckera disticha Hedw. Descr. 3: 53. 1792.

Neckera disticha Sw. Fl. Ind. Occ. 3: 1784. 1806.

Neckeropsis disticha Kindb. Eu. & N. A. Bryin. 1 : 20. 1897.

Habitat and type locality: On trunks of trees, Jamaica

and Hispaniola.

Distribution: Less common, on trees. Florida and the Greater

and Lesser Antilles to South America; in Central America from

Mexico to Panama; also in Africa.

Illustration: Hedw. Descr. pi. 22 (from Swartz' type).

Exsiccatae: Austin, Musci App. Suppl. 530.

3 Pterobryum filicinum (Sw.) Mitt. Jour. Linn. Soc. 12: 425*

1869

Fontinalis filicina Sw. Prod. 138. 1788.

Neckera filicina Hedw. Descr. 3: 45. 1792.

Pilotrichum filicinum P. Beauv. Prod. 83. 1805.

Neckera filicina Sw. Fl. Ind. Occ. 3: 1788. 1806.

Pireella filicina Cardot, Rev. Bryol. 40: 18. 1913.
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Habitat and type locality: "Near Coldspring, high moun-

tains of southern Jamaica, on trunks of trees."

Distribution: Jamaica and Cuba.

Illustration: Hedw. Descr. pi. 18 (from Swartz' type).

Exsiccatae: Sull. Musci Cub. Wright. 76.

This species has immersed capsules and seems to belong where

Mitten has placed it.

4. Pilotrichum hypnoides (Sw.) P. Beauv. Prod. 83. 1805

Fontinalis hypnoides Sw. Prod. 138. 1788.

Neckera hypnoidea Hedw. Descr. 3: 43. 1792.

Neckera hypnoides Sw. Fl. Ind. Occ. 3: 1790. 1806.

Habitat and type locality: " Jamaica, on trunks of trees in

high mountains."

Distribution : Jamaica to Trinidad.

Illustration: Hedw. Descr. pi. 17 (from Swartz' type).

5. Cryphaea filiformis (Sw.) Brid. Bryol. Univ. 2: 251. 1827

Fontinalis filiformis Sw. Prod. 138. 1788.

Neckera filiformis Hedw. Descr. 3: 41. 1792.

Neckera filiformis Sw. Fl. Ind. Occ. 3: 1786. 1806.

Habitat and type locality: "Hispaniola, in arid regions on

branches of Haematoxylon campechianum."

Distribution: Jamaica, Cuba, and Santo Domingo; also in

South America, Central America and Mexico (Guatemala and

Yucatan).

Illustration: Hedw. Descr. pi. 16 (from Swartz' type).

Exsiccatae: Sull. Musci Cub. Wright. 67.

6. Pogonatum tortile (Sw.) Brid. Bryol. Univ. 2: 108. 1827

Polytrichum convolutum Sw. Prod. 139. 1788. Not L. 1753.

Polytrichum convolutum Hedw. Sp. Muse. 94. 1801.

Pogonatum convolutum Beauv. Prod. 85. 1805.

Polytrichum tortile Sw. Fl. Ind. Occ. 3: i839- 1806.

Polytrichum domingense Brid. Mant. 201. 1819.

Polytrichum cubense Sull. Proc. Am. Acad. 5: 281. 1861.

Polytrichum glaucinum Besch. Ann. Sci. Nat. VI. 3 : 210. 1876.

um Husnotianum Besch. 1. c.

Polytrichum crispulum Besch. 1. c. 211.
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Polytrichum laxifolium Besch. 1. c 211.

Polytrichum Pleeanum Besch. I. c. 212.

Polytrichum Sintenisii C. Mull. Hedwigia 37: 222. 1898.

Polytrichum (Catharinella) obscuro-viridis C. Mull. Hedwigia 37:

223. 1898.

Habitat and type locality: "On clay banks, high moun-

tains of southern Jamaica."

Distribution: Cuba, Jamaica, Haiti, Porto Rico, Guadeloupe,

Martinique, Dominica, Grenada, and Barbados.

Illustration: Hedw. Sp. Muse. pi. 20.

Exsiccatae: Sull. Musci Cub. Wright. 57; Husnot, PI. Ant.

Fr. 153-

This species varies greatly according to habitat, whether dry

or wet, sunny or shady. It usually grows on roadside banks of.

the hard red clay, on the dry or southern sides of the West Indian

islands and under such conditions, does not attain the lax, long

leaves that are produced in shady moist valleys. Micro-

scopic sections of the leaves show the lamellae to be somewhat

variable but all of one generally uniform character, and though

the serrations of the margins are more or less variable, the teeth

being at times appressed and at others spreading, we find no

constant differences between them. The presence of teeth on

the back of the costa is just as true of P. tortile Sw. as of P. glauci-

num Besch.

7. Breutelia tomentosa (Sw.) Sch. "In Hb." Paris, Index

Bryol. 1: ed. 2. 173. 1904

Mnium tomentosum Sw. Prod. 139. 1788.

Bryum tomentosum Sw. Fl. Ind. Occ. 3: 1837. 1806.

Bartramia macrocarpa Hampe, Linnaea 32: 141. 1863.

Bartramia macrotheca Hampe, Ann. Sci. Nat. V. 3: 373- l866>

Breutelia macrotheca Jaeg. Adumb. 1: 556. 1873-74.

Habitat and type locality: " On the edge of woods high

Distribution: Jamaica and Guadeloupe to South America;

also Mexico and Costa Rica.

Illustrations: Hooker, Musci Exot. pi. iq. 18 18. From

original specimen of Swartz. E. & P. Nat. Pfl. I*: 656. /. 498 -

1904.
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8. Philonotis sphaericarpa (Sw.) Brid. Bryol. Univ. 2: 25.

1827

Mnium sphaericarpon Sw. Prod. 139. 1788.

Milium sphaericarpum Hedw. Descr. 3: 93. 1792.

Bryum sphaericarpon Sw. Fl. Ind. Occ. 3: 1835. 1806.

Bartramia sphaericarpa Mitt. Jour. Linn. Soc. 12: 261. 1869.

Habitat and type locality: " In shady mossy places, summits

of mountains of southern Jamaica."

Distribution: Florida, Jamaica, Porto Rico, St. Thomas, St.

Kitts, St. Vincent, Martinique, and Guadeloupe; Honduras to

South America.

Illustration: Hedw. Descr. 3: pi. 38A.

9. Ditrichum rufescens (Hampe) Broth, in E. & P. Nat. Pfl.

i
3

: 300. 1901

Mnium strictum Sw. Prodr. 139. 1788. Not Ditrichum strictum

Hampe. 1867.

Trichostomum strictum Sw. Fl. Ind. Occ. 3: 1761. 1806.

Trichostomum pallidum strictum Schwaegr. Suppl. 2 1
: 77. 1823.

Leptotrichum rufescens Hampe, Linnaea 31: 521. 1862.

Cynontodium strictum Mitt. Jour. Linn. Soc. 12: 42. 1869.

Cynontodium rufescens Mitt. Jour. Linn. Soc. 12: 44. 1869.

Leptotrichum mexicanum Sch.; Besch. Mem. Soc. Sci. Nat. Cher-

bourg 16: 174. 1872.

Leptotrichum capillifolium Sch.; Jaeg. Adumb. 1: 388. 1871-72.

Leptotrichum pseudo-rufescens C. Mull. Bull. Herb. Boiss. 5: 554.

1897.

Habitat and type locality: "Jamaica, on shady slopes in

sandy wet soil among other mosses, cold places."

Distribution: Jamaica, 1,500-2,100 meters. Also, Mexico to

Colombia.

Illustration: Schwaegr. Suppl. pi. 123.

10. Tortula agraria (Sw.) Sw. Fl. Ind. Occ. 3: 1763- 1806

Bryum agrarium Sw. Prod. 139. 1788.

Bryum acuminatum Sw. Prod. 139. 1788.

Barbula agraria Hedw. Descr. 3: 17. 1792.

Barbula Raui Aust. Bull. Torrey Club 6: 43. 1875.
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Habitat and type locality: "Jamaica and Hispaniola, in

sugar fields and on calcareous rocks."

Distribution: Florida and Texas. Common in the Bahamas

on limestone rocks, whence it was known to Dillenius. Jamaica,

Cuba, Porto Rico. Guadeloupe, Antigua, Montserrat to Trinidad

and South America; also in Mexico.

Illustration: Hedw. Descr. pi. 6B, from original specimens

collected by Swartz in Jamaica and Santo Domingo.

ii. Bryum acuminatum Sw. Prod. 139. 1788.

(See 10)

12. Syrrhopodon lycopodioides (Sw.) C. Mull. Syn. 1: 538-

1849

Bryum lycopodioides Sw. Prod. 139. 1788.

Dicranum? lycopodioides Sw. Fl. Ind. Occ. 3: 1766. 1806.

Habitat and type locality: "Jamaica; in moist shady

Distribution: Jamaica, Santo Domingo, Haiti, Porto Rico,

Guadeloupe, and Martinique to Trinidad.

Exsiccatae: Husnot, PI. Ant. Fr. 151.

13. Syrrhopodon parasiticus Besch. Ann. Sci. Nat. VIII. 1 :
298.

1895

Bryum parasiticum Sw. Prod. 139. 1788.

Encalypta parasitica Sw. Fl. Ind. Occ. 3: 1759. 1806.

Calymperes parasitica Hook. & Grev. Edinb. Jour. Sci. 1: 131 •

1824.

The type cannot be found at Stockholm in Swartz' herbarium.

A fragment of the type specimen exists at Kew, and Mitten had

only two leaves of it. He states that it is very close to Calymperes

Richardi but the illustration given by Schwaegrichen of the calyp-

tra and the description given by Swartz, " Calyptra longa subulate,

non laxa, pallida, ore aequali, latere demum fissili" disprove this,

and it is evident, either that Schwaegrichen was mistaken in figuring

a calyptra which resembles that of a Macromiirium or it is a species

of that genus, which is very common in Jamaica. Mitten referred

a specimen collected by R. Spruce in South America (no. 2) to

this species but that proves to be a true Calymperes.



Britton: West Indian mosses 661

The duplicate type from which Schwaegrichen's plate was

drawn has been loaned to us from Geneva and corresponds with

all of this plate except the calyptra, which is lacking; but the

hyaline basal cells are not clearly indicated. It is evidently a

species of Syrrhopodon with entire leaf margins bordered by elon-

gated cells and does not agree with any known to us thus far from

the West Indies.

Habitat and type locality: Hispaniola. "On branches of

Haematoxylon and Mimosa Unguis-cati.''

Distribution: Known only from the original collection.

Illustration: Schwaegr. Suppl. i: 60. pi. 17. 181 1.

14. Holomitrium calycinum (Sw.) Mitt. Jour. Linn. Soc. 12 :
60.

Bryum calcycinum Sw. Prod. 139. 1788.

Weisia calycina Hedw. Sp. Muse. 70. 1801.

Cecalyphum? calicinum Beauv. Prod. Aetheog. 50. 1805.

Dicranum calycinum Sw. Fl. Ind. Occ. 3: 1768. 1806.

Habitat and type locality: "On roots of trees in high moun-

tains. Jamaica."

Distribution: Known only from Jamaica.

Illustration: Hedw. Sp. Muse. pi. 14- f- z~5-

15. Fissidens palmatus (Sw.) Hedw. Descr. 3: 69. 1792

Hypnum palmatum Sw. Prod. 140. 1788.

Dicranum palmatum Sw. Fl. Ind. Occ. 3: 1774- l8°6 -

Skitophyllum palmatum De la Pyl. Jour, de Bot. II. 4: 146. 1814.

Habitat and type locality: " In shady clayey places at roots

of palms. Jamaica. Collected also on high trunk of Areca

oleracea, in a cavity filled with rotten leaves."

Distribution: Jamaica, Cuba, and St. Thomas.

Illustrations: Hedw. Descr. pi. 30A. 1792 (from Swartz'

type) ; De la Pyl. Jour, de Bot. pi. 35- f- 6 -
l8l 4-

Exsiccatae: Sull. Musci Cub. Wright. 11.

16. Fissidens polypodioides (Sw.) Hedw. Descr. 3: 63. 1792

Hypnum polypodioides Sw. Prod. 140. 1788.

Dicranum polypodioides Sw. Fl. Ind. Occ. 3: 1772- 1806.

Skitophyllum polypodioides De la Pyl. Jour, de Bot. II. 3
:
153- 1814-
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Habitat and type locality: "On the ground in shady mossy

slopes in high mountains, Jamaica."

Distribution: Georgia, Alabama, Florida, and Louisiana;

Jamaica, Cuba, Haiti, Porto Rico; Dominica, Guadeloupe, and

Martinique, to South America; also, Mexico, Guatemala, and

Panama.

Illustrations: Sull. Icon. Muse. pi. 27; De la Pyl. I. c. pi. 38.

f. 10.

Exsiccatae: Drummond, Musci Am. ed. 2. 38; Sull. & Lesq.

Musci Bor. Am. ed. 2. 87: Sull. Musci Cub. Wright. 10; Small,

Mosses So. U. S. 9; Husnot, PI. Ant. Fr. 133.

17. Fissidens asplenioides (Sw.) Hedw. Descr. 3: 65. I792

Hypnwn asplenioides Sw. Prod. 140. 1788.

Dicranum asplenioides Sw. Fl. Ind. Occ. 3: 1770. 1806.

Skitophyllum asplenioides De la Pyl. Jour, de Bot. II. 4: 156-

1814.

Fissidens Barbae-montis C. Mull.; Ren. & Card. Bull. Soc. Roy.

Bot. Belg. 31 1
: 152. 1892.

Fissidens costaricensis Besch. Bull. Herb. Boiss. 2: 390. 1894.

Habitat and type locality: "On mossy rocks in high moun-

tains of Jamaica."

Distribution: Jamaica and St. Kitts; also Mexico and Costa

Rica.

Illustrations: Hedw. Descr. pi. 28 (from type); De la Pyl.

Jour, de Bot. II. 4: pi. 38. f. 8, 9.

Exsiccatae: Pringle, Musci Mex. 10,503.

18. Phyllogonium fulgens (Sw.) Brid. Bryol. Univ. 2: 671.

1827

Hypnum fulgens Sw. Prod. 140. 1788.

Pterigynandrum fulgens Hedw. Descr. 4: 101. 1797.
Pterogonium fulgens Sw. Fl. Ind. Occ. 3: 1776. 1806.

? Phyllogonium viride Brid. Bryol. Univ. 2: 673. 1827.

Phyllogonium aurenm Mitt. Journ. Linn. Soc. 12: 424. 1869.

Phyllogonium globitheca C. Mull. Bull. Herb. Boiss. 5 : 563. 1897.

Habitat and type locality: "Dependent from branches of

trees in high mountains of Jamaica."
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Distribution: Jamaica, Cuba, Haiti, Porto Rico, St. Kitts,

Antigua, Montserrat, Guadeloupe, Martinique, St. Vincent, and

Grenada to Trinidad. Also in South America.

Illustration: Hedw. Descr. pi. 39 (from type).

Exsiccatae: Sull. Musci Cub. Wright. 131; Husnot, PI. Ant.

Fr. 134.

There is some doubt as to what the type specimen of Phyl-

logonium viride of Bridel is. The type locality is Brazil and it is

just possible that the name may antedate either P. immersum

Mitt, or P. Serra C. Mull. Both these species were distributed by

E. Ule in his Bryotheca Brasiliensisno. 81 from Serra Geral, Prov-

ince of Santa Catharina, Brazil. All the West Indian specimens,

so-called, are referable to P. fulgens.

19. Lepidopilum diaphanum (Sw.) Mitt. Jour. Linn. Soc. 12:

382. 1869

Hypnum diaphanum Sw. Prod. 140. 1788.

Hypnum diaphanum Hedw. Sp. Muse. 243. 1801.

Hypnum? diaphanum Sw. Fl. Ind. Occ. 3: 1828. 1806.

Pterygophyllum diaphanum Brid. Bryol. Univ. 2: 345- 1827.

Hookeria diaphana W.-Arn. Disp. Muse. 56. 1825.

Habitat and type locality: "In depressions, mountains of

Jamaica. Mixed with Marchantia and Jungermannia."

Distribution: Jamaica, Martinique.

Illustrations: Hedw. Sp. Muse. pi. 61. f. 1-6 (from type).

20. Cyclodictyon albicans (Sw.) Broth, in E. & P. PA. i
3

:

935- !9°7

Hypnum albicans Sw. Prod. 140. 1788.

Hypnum albens Gmel. Syst. Nat. 2: 1343- 1791-

Leskea albicans Hedw. Sp. Muse. 218. 1801.

Leskea albicans Sw. Fl. Ind. Occ. 3: 1811. 1806.

Hypnum pallidum Brid. Muse. Rec. 22
: 127. 1806.

Pterygophyllum albicans Brid. Bryol. Univ. 2: 349- 1827.

Habitat and type locality: "On old and rotten trunks of

trees, temperate regions of Jamaica.

Distribution: Jamaica, Guadeloupe, St. Vincent, and Mexico.

Illustrations: Hedw. Sp. Muse. 218. pi. $4- /• i3~l6 (f">m

type).

Exsiccatae: Pringle, Musci Mex. 10,664.
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21. Homalia glabella ' (Sw.) Mitt. Jour. Linn. Soc. 12: 458.

1869

Hypnum glabellum Sw. Prod. 140. 1788.

Leskea glabella Hedw. Sp. Muse. 235. 1801.

Nechera glabella Sw. Fl. Ind. Occ. 3: 1782. 1806.

Habitat and type locality: "On trunks of trees in mountains

of Jamaica."

Distribution: Jamaica, Porto Rico, Guadeloupe, Mexico,

Costa Rica, to Venezuela.

Illustration: Hedw. Sp. Muse. pi. 59 (from type specimens).

22. Meteoriopsis patula (Sw.) Broth, in E. & P. Pfl. i
3

: 825.

1906

Hypnum patulum Sw. Prod. 140. 1788.

Hypnum patulum Hedw. Sp. Muse. 279. 1801.

Hypnum} patulum Sw. Fl. Ind. Occ. 3: 1832. 1806.

Leskea remotifolia C. Mull. Linnaea 19: 216. 1847.

Meteorium stellatum Lorentz, Moosst. 165. 1864.

Meteorium fiaccidum Mitt. Jour. Linn. Soc. 12: 443. 1869.

Meteorium tenue Sch. Besch. Mem. Soc. Sc. Nat. Cherbourg 16:

227. 1872.

Meteorium diversifolium Besch. 1. c.

Meteorium torticuspis C. Mull. Bull. Herb. Boiss. 5: 204. 1897-

Habitat and type locality: "On roots and branches of trees

near the summits, mountains of Jamaica."

Distribution: Florida, in hammocks near Cutler, J. K. Small;

Jamaica, Haiti, Porto Rico, Guadeloupe, Martinique, Dominica,

Montserrat, St. Vincent, Grenada, and Trinidad to South America;

also Mexico, Guatemala, Honduras, Costa Rica, and Panama.

Illustration: Hedw. Sp. Muse. pi. 73.

Exsiccatae: Sull. Musci Cub. Wright. 80; Husnot, PL Ant.

Fr. 168; Pringle, Musci Mex. 15,136.

This is a common and variable species in the tropics and

accordingly has received a variety of names. There seems to be

no reason for maintaining two sections and such a host of names

in this genus, for according to Mitten and R. S. Williams the

following also are synonyms of this species: If. aureo-nitens Hampe

(not Hook.), M. barbipendulum C. Mull.; M. cirrifolium Schw.,
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M. chiriquense Ltz., M. Earhynchium C. Mull., M. Filicis C. Mull.,

and M. subambiguum (Hampe) Paris.

23. Mittenothamnium reptans (Sw.) Card. Rev. Bryol. 40: 21.

1913

Hypnum reptans Sw. Prod. 140. 1788.

Hypnnm reptans Hedw. Sp. Muse. 265. 1801.

Hypnum reptans Sw. Fl. Ind. Occ. 3: 1819- 1806.

Microthamnium reptans Mitt. Jour. Linn. Soc. 12: 506. 1869.

Hypnum pseudo-reptans C. Mull. Bot. Zeit. 14: 439. 1856.

Microthamnium Turckheimii C. Mull. Bull. Herb. Boiss. 5: 215.

1897.

Microthamnium minusculum C. Mull. Bull. Herb. Boiss. 5: 565.

Stereohypnum reptans Fleisch. Hedwigia 47: 275. 1908.

Habitat and type locality: "On earth and trunks of trees,

interior of Jamaica."

Distribution: Cuba, Jamaica, Guadeloupe, Martinique,

Mexico, Guatemala, Nicaragua, Costa Rica, Panama, and South

America.

Illustration: Hedw. Sp. Muse. pi. 68.

24. Porotrichum fasciculatum (Sw.) Mitt. Jour. Linn. Soc. 12

:

468. 1869

Hypnum fasciculatum Sw. Prod. 140. 1788.

Hypnum fasciculatum Hedw. Sp. Muse. 245. 1801.

Hypnum? fasciculatum Sw. Fl. Ind. Occ. 3 : 1827. 1806.

Thamnium fasciculatum C. Mull. Hedwigia 37: 260. 1898.

Habitat and type locality: "On roots of trees; high moun-

tains of Jamaica."

Distribution: Jamaica, Porto Rico, and Trinidad to South

America.

Illustrations: Hedw.Sp. Muse. pi. 62. f. 8-10 (fromSwartz'

specimens).

25. Hypopterygium TamArisci (Sw.) Brid. Bryol. Univ. 2: 715.

1827

Hypnum TamarisciSw. Prod. 141. 1788.

Leskea Tamariscina Hedw. Sp. Muse. 212. 1801.
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Hypnum Tamarisci Sw. Fl. Ind. Occ. 3: 1825. 1806.

Hypopterygium brasiliense Sull. U. S. Expl. Exp. 26. 1859.

IHypopterygium pseudo-tamarisci C. Mull. Linnaea 38: 645. 1874.

Habitat and type locality: "On trunks of trees, creeping

among mosses in the cold regions of Jamaica."

Distribution: Jamaica, Cuba, Haiti, and Porto Rico; also

in Mexico, Guatemala, Costa Rica, and South America.

Illustrations: Hedw. Sp. Muse. pi. 62. f. 8-10; Sull. U. S.

Expl. Exped. pi. 26.

Exsiccatae: Sull. Musci Cub. Wright. 130; Pringle, Musci

Mex. 10,407.

26. Pilotrichella flexilis (Sw.) Jaeg. Adumb. 2: 162.

1875-76

Hypnum flexile Sw. Prod. 141. 1788.

Leskea flexilis Hedw. Sp. Muse. 234. 1801.

Hypnum? flexile Sw. Fl. Ind. Occ. 3: 1830. 1806.

Meteorium flexile Mitt. Jour. Linn. Soc. 12: 438. 1869.

Neckera cochlearifolia C. Mull. Syn. 2-130. 1851.

ISieckera turgescens C. Mull. Syn. 2: 131. 1851.

Pilotrichella eroso-mucronata C. Mull. Bull. Herb. Boiss. 5: 5°3-

1897.

Pilotrichella recurvo-mucronala C. Mull. Bull. Herb. Boiss. 5: 563.

1897.

Habitat and type locality: "Summits of mountains in

Southern Jamaica."

Distribution: Jamaica, Cuba, Haiti, Porto Rico, Guadeloupe;
Mexico, Guatemala, Nicaragua, Costa Rica, Panama; Colombia,
Ecuador. Bolivia, and Brazil.

Illustration: Hedw. Sp. Muse. pi. 58.

Exsiccatae: Pringle, Musci Mex. 10.420, 10,468, Grout, N. A.

Musci Pleur. 389.

27. Papili.aria ntcrescens (Sw.) Jaeg. Adumb. 1 : 169. 1875-76

Hypnum nigrescent Sw. Prod. 141. 1788.

Hypnum nigrescens Hedw. Sp. Muse. 250. 1801.

Pterogonium nigrescens Sw. FL Ind. Occ. 3: 1778. 1806.

Neckera nigrescens Schwaegr. Suppl. 3
2

. 1828.
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Meteorium nigrescens Mitt. Jour. Linn. Soc. 12: 441. 1869.

Papillaria nivrescens Donnellii Aust. Musci App. Suppl. 14. 1898.

Habitat and type locality: "On branches of trees, high

mountains of Jamaica. Collected on Anacardium occidentale."

Distribution: Louisiana, Florida, and the Bahamas; Jamaica,

Cuba, Haiti, Porto Rico, Barbados, and Trinidad to South America;

also in Lower California, Mexico, Guatemala, Costa Rica, and

Panama. Also in South America.

Illustrations: Hedw. Sp. Muse. pi. 65. 1801 ; Schwaegr. Suppl.

pi. 244. 1828; Bryologist 7: 14. 1904.

Exstccatae: Austin, Musci App. Suppl. 533, Sull. Musci Cub.

Wright. 83.

The var. Donnellii is simply a xerophytic condition in

which the leaves fall off and the terminal branches become

brittle, thus propagating the species; in fact, the fruit is seldom

found. Austin and J. D. Smith collected it at Caloosa, Florida, in

1876-78 and Mr. Severin Rapp has reported it from Sanford. In

all our Jamaica collections I have found it but once, on a calabash

tree.

28. Prionodon densus (Sw.) C. Mull. Bot. Zeit. 2: 130. 1844

Hypnum densum Sw. Prod. 141. 1788.

Hypnum densum Hedw. Sp. Muse. 282. 1801.

Hypnum? densum Sw. Fl. Ind. Occ. 3: 1829. 1806.

Neckera crassa Hornsch. Fl. Brazil. 1: 56- 1840.

Pilotrichum densum C. Miill. Syn. 2: 160. 1850.

Habitat and type locality: "In Blue Mountains, southern

Distribution: Jamaica, Cuba, Haiti, Mexico, Costa Rica, and

Panama, 1,500-2,000 ft.; also in South America.

Illustration: Hedw. Sp. Muse. pi. 74 (from Swartz' type);

Bot. Zeit. 2:pl. 1.

Kxsiccatae: Pringle, Musci Mex. 10.483.

29. Pilotrichum compositum (Sw.) P. Beauv. Prod. 82. 1805

Hypnum compositum Sw. Prod. 141. 1788.

Neckera composite. Hedw. Sp. Muse. 203. 1801.

Neckera composite Sw. Fl. Ind. Occ. 3: 1792- 1806.



668 Britton: West Indian mosses

Habitat and type locality: "On trunks of trees in woods,

interior of Jamaica."

Distribution: Jamaica and Grenada ("Costa Rica"?).

Illustrations: Hedw. Sp. Muse. pi. 46. f. 8-13 (from Swart//

type).

30. Lepidopilum polytrichoides (Sw.) Brid. Bryol. Univ. 2;

269. 1827

Hypnum polytrichoides Sw. Prod. 141. 1788.

Hypnum polytrichoides Hedw. Sp. Muse. 244. 1801

.

Orihotrichum polytrichoides Brid. Muse. Recent. 22
: 31. 1801.

Neckera polytrichoides Sw. Fl. Ind. Occ. 3: 1794. 1806.

Lepidopilum. polytrichoides var. coslaricense Ren. & Card. Bull.

Soc. Roy. Bot. Bel?. 32 1
: 192. 1893.

Hookeria Carioms C. Mull. Bull. Herb. Boiss. 5: 205. 1897.

Habitat and type locality: "On branches of trees and

shrubs, also on rocks, mountains of Jamaica and Hispaniola."

Distribution: Jamaica, Cuba, Haiti, Porto Rico, Guadeloupe,

Martinique, Montserrat, and St. Vincent to South America: also,

Mexico, Guatemala, Costa Rica, and Panama.

Illustrations: Hedw. Sp. Muse. pi. 61 (from Swartz' type);

Schwaegr. Suppl. 3: pi. 231.

Exsiccatae: Husnot, PI. Ant. Fr. 156.

31. Helicodontium capillars (Sw.) Jaeg. Adumb. 2: 225.

1876-77

Hypnum capillare Sw. Prod. 141. 1788.

Leskea capillaris Hedw. Descr. 4: 25. 1793.

Leskea capillaris Sw. Fl. Ind. Occ. 3: 1813. 1806.

Habitat and type locality: "On trunks of trees, interior of

Distribution: Jamaica, Cuba, Haiti, Porto Rico: also in

Mexico and South America.

Illustration: Hedw. Descr. 4: pi. 10.

Exsiccatae: Sull. Musci Cub. Wright. 70; Pringle, Musci

Mex. 759-
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32. Rhacopilum tomentosum (Sw.) Brid. Bryol. Univ. 2: 719.

1827

Hypnum tomentosum Sw. Prod. 141. 1788.

Hypnum tomentosum Hedw. Descr. 4: 48. 1793.

Hypnum tomentosum Sw. Fl. Ind. Occ. 3: 1823. 1806.

Rhacopilum tomentosum var. pracile Besch. Mem. Soc. Sci. Nat.

Cherbourg. 16: 257. 1872.

Habitat and type locality: " On roots of trees near rivers,

temperate regions of Hispaniola."

Distribution: Louisiana, Bermuda, Cuba, Jamaica, Haiti,

Santo Domingo, Guadeloupe, to Trinidad and South America;

Mexico, Costa Rica, Guatemala, Nicaragua, and Panama; also in

Asia and Africa.

Illustrations: Hedw. Descr. pi. ig; Bryologist 10: pi. 5.

Exsiccatae: Sull. Musci Cub. Wright. 74; Pringle, Musci

Mex. 10,501.

33. Callicostella depressa (Sw.) Jaeg. Adumb. 2: 352.

1875-76

Hypnum depressum Sw. Prod. 141. 1788.

Leskea depressa Hedw. Sp. Muse. 215. 1801.

Leskea depressa Sw. Fl. Ind. Occ. 3: 1804. 1806.

Habitat and type locality: "On bark of trees, mountains of

Distribution: Jamaica, Cuba, Porto Rico, Haiti, and Guade-

Illustrations: Hedw. Sp. Muse. pi. 53- f- *~7 (from Swartz'

type).

34- Clastobryum trichophyllum (Sw.) E. G. Britton, comb. nov.

Plate 25

Hypnum trichophyllum Sw. Prod. 141. 1788.

Hypnum trichophyllum Hedw. Sp. Muse. 274. 1801.

Neckera trichophylla Sw. Fl. Ind. Occ. 3: 1798- 1806.

Lepyrodon trichophyllus Mitt. Jour. Linn. Soc. 12: 422. 1869.

Leucodon trichophyllus Jaeg. Adumb. 2: 122. 1877.

Lepyrodon trichophyllus robustior Besch. Ann. Sci. Nat. VI. 3:

224. 1876.
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Palamocladium trichophyUum C. Mull. Flora 82: 465. 1896.

Palamocladium trichophyUum subtile C. Miill. Hedwigia 37: 240,

1898.

Orthothecium trichophyUum Fleisch. Fl. Buit. 3: 667, 1906.

Plants light yellowish green, glossy ; stems rooting and creeping,

with simple erect branches, often 2 cm. high and prolonged into

slender flagellate branchlets bearing brown septate gemmae in

clusters in the axils of the upper leaves ; branch-leaves crowded,

spreading, glossy, strongly plicate when dry, lanceolate-acuminate,

3-5 mm. long, ecostate, margins plane, serrate; cells linear, walls

porose, slightly thickened, alar cells shorter and broader, curved,

forming a small, serrate auricle. Autoicous, perichaetial leaves

shorter, paler, more suddenly subulate, more sharply serrate.

Seta erect, straight or flexuose, red, 15-25 mm. long; calyptra

cucullate; capsule erect, ovoid-cylindric, sometimes contracted

below the mouth when dry, 2-3 mm. long, lid rostrate; annulus

none; walls with irregular square or hexagonal cells 27-54 /x l°n£
X 27M wide; neck short, stomatose; peristome double; teeth

incurved, brown, narrow, not perforate, papillose, with slightly

trabeculate lamellae ; endostome paler, also papillose with a short

basal membrane and rudimentary or imperfect cilia, segments
shorter than the teeth, not split along the keel; spores green,

minutely papillose, unequal in size, 5/x-i6ju, maturing in winter.

Forming bright glossy mats in shade on trunks and roots of

tree-ferns and palms on high mountains, rarely on rocks. Fruit

Habitat and type locality: "On bark and trunks of old

trees, Jamaica."

Distribution: Jamaica, Cuba, Porto Rico, Haiti, Santo

Domingo, St. Kitts, Dominica, Martinique. Guadeloupe, St.

Vincent, Montserrat, and Trinidad to Venezuela.

Illustrations: Hedw. Sp. Muse. pi. 71; E. & P. Nat. PfL

i 3
: 773- /• 580 J-L.

Exsiccatae: Husnot, PI. Ant. Fr. 183. as Meteorium sericeum

Sch.

On account of the rarity of its fruit this species has been placed

in a variety of genera none of which seem to me to be correct.

Its double peristome and different habit remove it from Lepyrodon

and its tropical distribution from Orthothecium, the species of

which are alpine or arctic and subarctic. Its relationship however

seems to me to be more with the Entodontaceae, where Fleischer
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has placed it; the presence of septate gemmae, and the ecostate

leaves and more or less imperfect endostome, show its relationship

to Clastobryum indicum Dozy & Molk. as figured by Brotherus

(E. & P. Nat. Pfl. i 5
: 874. /. 640. 1907) but the leaf cells are

porose and the walls are thickened as shown on the same page in

/. 639 of C. planulum Mitt.

Clastobryum americanum Cardot, originally described from

Mexico, also occurs on the slopes and summit of Sir John Peak

above Cinchona, in the Blue Mountains of Jamaica, and Mr. R.

S. Williams has collected it in Bolivia at 8,000 ft. near Cargadera

in 1902.

35- Thuidium microphyllum (Sw.) Jaeg. Adumb. 2: 251.

1876-77

Hypnum microphyllum Sw. Prod. 142. 1788.

Hypnum microphyllum Hedw. Sp. Muse. 269. 1801.

Hypnum microphyllum Sw. Fl. Ind. Occ. 3: 1821. 1806.

Hypnum calyptratum Sull. Pac. R. R. Rep. 4: 190. 1856.

Habitat and type locality: "On roots of trees, Jamaica."

Distribution : Canada to Florida and the Bahamas, Jamaica,

Cuba, and Mexico.

Illustrations: Hedw. Sp. Muse. pi. 69 (from Swartz' type);

Sull. 1. c. pi. 100.

Exsiccatae: Sull. Musci Cub. Wright. 99.

36. Sematophyllum caespitosum (Sw.) Mitt. Jour. Linn. Soc.

12: 479. 1869

Hypnum caespitosum Sw. Prod. 142. 1788.

Leskea caespitosa Hedw. Sp. Muse. 233. 1801.

Leskea caespitosa Sw. Fi. Ind. Occ. 3: 1807. 1806.

Rhaphidostegium caespitosum Jaeg. Adumb. 2: 454. 1875-76.

Hypnum loxense* Sull. Proc. Am. Acad. Arts & Sci. 5: 287. 1861.

Not Hooker, 1822.

Habitat and type locality: "On roots of trees, mountains of

Hispaniola."

Distribution: Cuba, Jamaica, Haiti, Porto Rico, Guadeloupe,

* The real Sematophyllum loxense (Hook.) Jaeg. has been found in Cuba.
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and Martinique, to Trinidad and South America; also Mexico and

Costa Rica.

Illustration: Hedw. Sp. Muse. pi. 49.

37. Sematophyllum pungens (Sw.) Mitt. Jour. Linn. Soc. 12

477. 1869

Hypnum pungens Sw. Prod. 142. 1788.

Hypnum pungens Hedw. Sp. Muse. 237. 1801.

Leskea pungens Sw. Fl. Ind. Occ. 3: 1806. 1806.

Pungentella pungens C. Mull. Hedwigia 37: 260. 1898.

Habitat and type locality; " Roots of trees in moist woods,

mountains of Jamaica."

Distribution: Jamaica, Cuba, Porto Rico, Virgin Islands,

Guadeloupe, Martinique, and Dominica to South America; also

Mexico and Guatemala to Panama.

Illustration: Hedw. Sp. Muse. pi. 60 (from Swartz' type).

Exsiccatae: Sull. Musci Cub. Wright. 104; Husnot, PI. Ant.

Fr. 186.

38. Pleuropus congestus (Sw.) Broth. E. & P. Nat. Pfl. i
3

:

1 138. 1908

Hypnum congestum Sw. Prod. 142. 1788.

Hypnum congestum Hedw. Sp. Muse. 283. 1801.

Leskea congesta Sw. Fl. Ind. Occ. 3: 1809. 1806.

Homalothecium congestum Jaeg. Adumb. 2: 311. 1877-78.

Habitat and type locality: "On old trunks of trees, interior

Distribution: Jamaica, Haiti, Montserrat, and Dutch Guiana.

Illustration: Hedw. Sp. Muse. pi. 74. f. 4-7. 1801.

Excepting for the illustration given by Hedwig, little is known

of this species in modern times. Mitten and Brotherus had not

seen specimens. At the British Museum there is a specimen

labelled "Leskea congesta Sw. Ind. Occ. ex CI. Swartzio. J. Vahl,"

which is evidently a mixture of Palamocladium leskeoides and

Clastobryum trichophyllum. Hedwig's description calls for a plant

with entire somewhat secund, falcate leaves and a horizontal

capsule, characters which do not agree with either of the species

named above.
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The synonymy of Palamocladium is as follows:

Palamocladium leskeoides (Hook.) E. G. Britton, comb. nov.

Hookeria leskeoides Hook. Muse. Exot. pi. 55. 1818.

Leskea Bonplandi Hook.; Kunth. Syn. PI. Aeq. 1 : 61. 1822.

Hypnum Bonplandi C. M. Syn. 2: 463. 1851.

Homalothecium Bonplandi Jaeg. Adumb. 2: 379. 1875-76.

Palamocladium Bonplandi Broth. Bot. Jahrb. 24: 281. 1897.

Isothecium Bonplandi haitense Ren. & Card. MS. in herb.

Pleuropus leskeoides Hook. MS. in Herb.

39- Orthostichopsis tetragona (Sw.) Broth. E. & P. Nat. Pfl.

i
3

: 805. 1906

Hypnum tetragonum Sw. Prod. 142. 1788.

Hypnum? tetragonum Hedw. Sp. Muse. 246. 1801.

Hypnum? tetragonum Sw. Fl. Ind. Occ. 3: 1833. 1806.

Pterigynandrum aureum Brid. Mant. 101. 1819.

Pterigynandrum quadrifarium Brid. Bryol. Univ. 2: 194. 1827.

Isothecium tetragonum Brid. Bryol. Univ. 2: 377. 1827.

Neckera quinquefaria C. Mull. Syn. 2: 124. 1850.

Neckera tetragona C. MOll. Syn. 2: 125. 1850.

Meteorium tetragonum Mitt. Jour. Linn. Soc. 12: 431. 1869.

Pilotrichella tetragona Besch. Mem. Soc. Sci. Nat. Cherbourg 16:

223. 1872.

Habitat and type locality: "On trunks of trees, near summits

Distribution: Jamaica, Cuba, Santo Domingo, to Trinidad

and Guiana; also in Mexico, Guatemala, Honduras, Nicaragua,

Costa Rica, and Panama.

Illustration: Hedw. Sp. Muse. pi. 63. 1801 (from Swartz'

type).

This moss is not uncommon in Jamaica and was known to

Hans Sloane* and Dillenius.f who called it "the square-branched

Hypnum from Jamaica." Both of these authors figured it rather

Hi*. Jam. i:68.pl.2S.f. 3- 1707.
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40. Schlotheimia TORQUATA (Sw.) Brid. Bryol. Univ. 1: 323.

1826

Hypnum torquatum Sw. Prod. 142. 1788.

Hypnum torquatum Hedw. Sp. Muse. 246. 1801.

Neckera torta Sw. Fl. Ind. Occ. 3: 1800. 1806.

ma torta Schwaegr. Suppl. I
2

: 39. 1816.

Schlotheimia pellucida C. Mull. Bull. Herb. Boiss. 5: 561. 1897-

Schlotheimia undato-rugosa C. Mull. Hedwigia 37: 238. 1898.

Habitat and type locality: "On old mossy trunks of trees

in woods, mountains of Jamaica."

Distribution: Jamaica and Cuba, 5,000-6,000 ft. alt.

Illustrations: Hedw. Sp. Muse. pi. 63. f. 4-7 (from Swartz'

type).

Exsiccatae: Sull. Musci Cub. Wright. 52.

41. Macromitrium cirrhosum (Sw.) Brid. Bryol. Univ. 1: 316.

1826

Hypnum cirrhosum Sw. Prod. 142. 1788.

Anoectavgium cirrhosum Hedw. Sp. Muse. 42. 1801.

Neckera cirrhosa Sw. Fl. Tnd. Occ. 3: 1802. 1806.

Schlotheimia cirrosa Schwaegr. Suppl. 3
1
. 1827.

Habitat and type locality: "On trunks of trees, temperate

parts of Jamaica."

Distribution: Jamaica, Cuba, Haiti, Santo Domingo, Porto

Rico, St. Kitts, Guadeloupe, Martinique, Montserrat, and Trinidad

to South America; also, Guatemala and Panama.
Illustrations: Hedw. Sp. Muse. pi. 5; Schwaegr. Suppl. pi

201A.

Exsiccatae: Sull. Musci Cub. Wright. 51; Husnot, PI. Ant.

Fr. 144.

42. Thuidium involvens (Hedw.) Mitt. Jour. Linn. Soc. 12 : 575-

1869

Leshea involvens Hedw. Descr. 4: 27. 1794.
Leskea involvens Swartz, Fl. Ind. Occ. 3: 1815. 1806.

Habitat and type locality: "With Helicodontium capillars

on trunks of trees, interior of Jamaica."
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Distribution: Jamaica, Cuba, Haiti, Porto Rico, Guade-

loupe, and Barbados to South America ; also Mexico (Yucatan).

Illustration: Hedw. Descr. pi n (from Swartz' type).

Exsiccatae: Sull. Musci Cub. Wright. 98.

43. Turckheimia linearis (Sw.) E. G. Britton, comb. nov.

Tortula linearis Sw. Fl. Ind. Occ. 3: 1765. 1806.

Barbula linearis Brid. Mant. Muse. 88. 1819.

Trichostomum lineare Broth. E. & P. Nat, Pfl. i
3

: 394. 1902.

Habitat and type locality: "On dry calcareous rocks, His-

paniola."

Distribution: Jamaica, Cuba, and Haiti.

Our specimens from Jamaica and Cuba have a well-developed,

slender peristome, which disappears from the old capsules. I

believe this species to be congeneric with Turckheimia guate-

malensis Broth., which also shows traces of a peristome though

the capsules are all old. The section of the leaf in T. linearis is

remarkable for having two rows of guide-cells of about 10 cells

each in the costa, with a stereid band both above and below. The

costa is rather broader than in T. guatemalensis and smooth on the

dorsal side, showing as a prominent white rib to the leaf. It is papil-

lose on the upper surface and the cells of the blade bear several

minute papillae on both surfaces. This peculiarity of the costa

removes Turckheimia linearis from Trichostomum; and although

there is but a single row of guide-cells in T. guatemalensis, their

macroscopic resemblance is so close that they appear to be

congeneric.

44- Isopterygium tf.nerum (Sw.) Mitt. Jour. Linn. Soc. 12 : 499.

1869

Hypnum tenerum Sw. Fl. Ind. Occ. 3: 1817- 1806.

Habitat and type locality: "On trunks of trees, mountains

of Jamaica."

Distribution: Jamaica, Cuba, Haiti, Guadeloupe, Martinique,

St. Lucia, to Trinidad and South America; also Bermuda, and

Louisiana to Florida.

Exsiccatae: Sull. Musci Cub. Wright. 107.
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According to Dr. Andrews' notes "the Swartz specimens, which

are deposited in the collections of the Naturhistoriska Riks-

museum at Stockholm, are distributed through the herbarium of

non-Scandinavian mosses, which are, in general, arranged after

Paris's Index. Packets are generally uniform, one to many on

the herbarium sheet. Swartz' specimens are recognizable by labels

in his handwriting included in the packet, by the kind of paper

with water-mark to which he pasted them and references of others

to the origin of specimens."

We have seen specimens of all but two of these species, and

have duplicates of many of them; it is therefore our intention to

distribute sets of these and other West Indian mosses, in exchange

for other exsiccatae and duplicates from the West Indies, Central

America, and South America.



Phytogeographical notes on the Rocky Mountain region

I. Alpine region

The alpine region, roughly speaking., is the region between the

perpetual snow and the timber line.

The upper limit, the perpetual snow line

A perpetual snow line cannot be spoken of in the southern

Rockies. Even the highest peaks do not have a perpetual snow
cap like Mt. Shasta or Mt. Hood. This is probably due to the

less amount of moisture and precipitation. It is true that many
of the peaks have perpetual snow on them, but this snow is mostly

in the form of snow-drifts and small glaciers, especially on the

northern or northeastern side. The amount of snow depends to a

great extent on local conditions, as for instance on an exposure

to the northwestern winds or partial protection from the direct

action of the summer sun. The Snowy Range of Colorado has

more snow than the much higher Gray's Peak, Sierra Blanca, or

Mount Massive. Jn the Canadian Rockies and especially in the

Selkirk Mountains the conditions are different and more like those

of the European Alps. There the highest peaks have a perpetual

snowcap and the glaciers extend far down in the valleys. In

northern Montana, as for instance in the Sperry Glacier region, are

found the only places in the United States where in the Rockies

there are glaciers of any great extent, notwithstanding the fact

that the Montana mountains are considerably lower than those of

Colorado.

The lower limit, the timber line

The timber line is by no means a well-defined boundary line.

It is in reality a broad zone in which the woody vegetation gradually

thins out from the dense forest to the last krumholz In

nature there is not found any sharp line between two regions, but

only a gradual transition zone between them.
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Different authors have fixed the timber line differently, as for

instance r

i. At the forest line; i. e., where the continuous forest stops.

2. At the grove line; i. e., where the trees cease to form com-

munities of larger or smaller size.

3. At the tree line; i. e., where the arboreal species cease to

form trees.

4. The absolute timber line: i. e., where these species disappear

altogether, even as krumholz.

To me it seems superfluous to consider more than two of these

"lines," viz. the "forest line" and the "absolute timber line,"

which may be called the Lower and the Upper Timber Lines.

But to fix the limit between the alpine region and the subalpine

region at either of the two would be erroneous in certain respects.

The region between these two timber lines is a transition zone

between the two, or it may be still better called a zone of strife. A
continuous warfare goes on between the forest and the alpine grass-

land. A seed from the forest succeeds in germinating between the

low alpine plants. A tree grows up. The alpine plants are

smothered in the shade. More tree seeds have a chance to germi-

nate and a grove is formed and the forest region is carried upwards.

On the other hand, snow and wind kill the trees on the edge

of the forest or the grove, the shade is gone and the alpine plants

soon take possession. But more on this subject below.

The width of this transition zone or zone of strife depends on

many factors. In one place the forest meets a steep cliff and stops

abruptly. In such places there is no transition zone. In other

places the lower timber line has been pushed down by a ledge of

snow thick enough to last the larger part of the summer and having

the power of smothering the trees, but not the herbaceous alpine

vegetation. Still above the lower timber line at these places,

there might be found isolated trees or groves of trees a thousand

feet higher up, especially on higher ground, where the snow has

not been so deep. In other places the lower timber line might have

been pushed down by wind, not so much by its mechanical force as

by its desiccating effects.

In treating the alpine region, I would be inclined to place the

boundary at the lower timber line, i. e., the forest line, so as to
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include all open spaces of the transition zone as these have a
flora alpine in character. In treating the subalpine region, how-
ever, I would place the boundary at the absolute timber line, so

as to include the groves, isolated trees, and krumholz as well.

The groves, if of any size, contain not only the trees themselves,

but also wood plants and underbrush belonging to the subalpine

region. They are either encroaching on the region above or are

themselves remnants of a former forest. So are also the isolated

trees and krumholz, although not associated with other plants of

the forest.

In a mountain region extending through twenty degrees of

latitude, from lat. 35 to lat. 55 (the Rockies north of 55 have

not been considered in my work), the altitude of the timber line

necessarily varies greatly. In Colorado the lower timber line is

found at an altitude of between 3,200 and 3,400 m. and the upper

at 3,400 to 3,500 or rarely 3.600 m. In Montana the lower one

is at 2,200-2,500 m. and the upper 2,500-2,700 m. In the Cana-

dian Rockies they are even lower.

Factors governing the timber line

The conditions that have been given as causing or modifying

the timber line are

:

1. A decreased temperature during the growing season.

2. Too short a growing season.

3. Late frost on account of lack of protection from snow.

4. Strong desiccating winds.

5. Deep snow.

6. Form of precipitation.

7. Large mountain masses.

8. Exposure to and protection from direct sunlight.

9. Physiographical barriers.

10. Ecological barriers.

11. Economic timber line.

Low temperature

It is natural that too low a temperature should be one of the

important factors causing the disappearance of the forest. The

temperature during the winter has, however, very little influence



B80 Rydberg: Phytogeographical notes

upon the growing of trees. It is shown that the temperature in

temperate regions in the winter often is much lower than in many

places in the arctic. It is doubtful if the temperature in the alpine

region of Colorado ever becomes as low as on the plains of Mon-

tana, where some years ago it was recorded as 65 F. below zero.

The only place within the alpine region of the Rockies where a

record has been kept during the winter is on the top of Pikes Peak,

and here only for a few years. No such low temperature has been

recorded there. It is during the growing season that a low

temperature limit for forest growths can be spoken of, for during

the winter, when the life functions of the plants lie dormant, a

few degrees more or less makes in reality no difference. Koppen

claims that no trees can grow at a place where the mean temper-

ature during the warmest months of the year does not reach io° C.

Schroeter gives a table taken from the records of the meteorological

central station at Ziirich in which are given the mean temperatures

in July at fifteen stations at the timber line in Switzerland. The

mean temperature ranges from 7.75 C. at Zermatt to 154° at

Monte Generoso. This shows that the timber line may reach a

little higher than the isotherm io° C. and in other cases not reach it.

Schroeter is particular enough to mention that at Monte Generoso

the low timber line is not an artificial one made by man. See

below. The arctic timber line seems to be more coincident with the

isotherm io° C. for July than the timber line in the mountains.

Short growing season

Another cause of the timber line is the shortness of the growing

season. This, it may be, is just as important a factor as the pre-

ceding. When speaking of the arctic timber line, it is easy to see

that this factor acts parallel to the preceding, for near the sea-

level places of the same isotherm in the summer have about the

some length of summer, but not so in the mountain regions. In

the heads of valleys, where big snowdrifts are formed during the

winter and melt late in the summer, and along glaciers and per-

manent snow the frost is kept longer in the ground and the growing

season is naturally shortened. Therefore, in many places in the

Rockies, the timber line is a thousand feet or more lower in the

valley heads than on the slopes on the sides. The shortness of
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the season may have also another effect on the timber line, i. e.,

the seeds would not have time to ripen. This may be of great

importance in accounting for the arctic timber line, but it can

have very little influence on the alpine timber line, for most of the

conifers that reach the timber line have winged seeds, which are

easily carried above the line of maturing seed and then can

germinate there.

Late frost

Another factor which has been given as having effect on the

timber line is late frost in the spring, killing the new sprouts. As

the conifers, which are most affected, do not readily produce a

second crop of shoots the same season, the forests after a few

repeated frosts will soon be killed. In such a way large districts

of pine forest were destroyed in Montana a few years ago.

Strong desiccating winds

One of the most important factors is strong wind. This factor

has been much underestimated in earlier times, but later writers

on the phytogeography of the arctic regions have recognized it

more and more. In my belief it is one of the most important

factors in the Rockies. The trees at the timber line and especially

those few isolated stragglers above the real forest line show marked

effects from the wind. The trees are not only low, stunted,

gnarled, ragged, with enormously elongated lower branches often

spreading on the ground, but conspicuously one-sided, telling at

the glance the direction of the prevailing winds. But the me-

chanical influence of the wind is not the most important, however.

Of greatest importance are its desiccating effects, especially in the

winter. This effect of the wind has been recognized even in

arctic regions, but it must be taken into consideration still more

in the mountains. The timber line is much lower on the north

side of the Alps than on the south side. This is due not only to

the difference in temperature (for the difference in altitude should

not be so great), but still more to the desiccating northern winds.

In some places in Montana these winds are northerly, but in

southeastern Colorado and southern Utah they are from the south-

west, and it is on this side of the mountains that the timber line is

the lowest. Tn the Abaio Mountains of southeastern Utah, for
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instance, there is no timber line at all en the southern and western

sides, for no timber is growing between the semi-arid cedar-pinyon

belt and the top of the mountains. The whole southern and western

slopes of the mountains proper are covered by a semi-arid grass

formation. The highest peaks (altitude about n,ooo feet) just

reach the timber line on the eastern and northern sides, only one

or two hundred feet belonging to the alpine region. The desic-

cating effects of the winds are increased by the thinness of the

atmosphere.

Deep snow

Deep snow is also a factor. As the desiccating wind lowers the

altitude on the wind-swept ridges so does the snow in the heads-

of the valleys. I have already mentioned that the great snow-

drifts or glaciers here shorten the growing season. But the snow-

drifts have also a direct mechanical influence on the timber line

in the way of smothering the tree vegetation. Herbs and low

shrubs can withstand being covered by snow much better than a
tree, for their growing season does not begin before the snow is

practically off the ground, while the tops of the trees may be above

the snow and exposed to the summer heat months before the snow

cover of their roots and lower branches has melted. The lower

portion of the tree is cut off from the air while the upper portion

is already in vital activity. It is easy to distinguish trees stunted

by the action of the wind from those stunted by the smothering

snow. In the former the lower branches are enormously developed

compared with the upper, and often creeping along the ground,

while in the latter the lower branches are dead and covered by
fungi or their mycelia.

The usual condition in the Rockies is, that wherever there is a
large valley head, where the snow has a chance to lodge, this is

always devoid of trees, except in places of higher ground, where

the snow-drift has not been so deep and has had time to melt

earlier in the summer. On such higher places there are often

groves or isolated trees. The absence of trees in such a valley head

is due less to the shortness of the season, produced by the snow,

than to the smothering of the tree vegetation.
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Form of precipitation

Another important factor influencing the timber line is the

form of precipitation. In high altitudes the air is too rare to hold

much moisture and the rain falls at the least lowering of the tem-

perature. The rain falls therefore either in the form of mists or in

light showers, which only wet the surface of the ground. It may
be sufficient to keep alive the low rosettes or cushions of the alpine

vegetation, but it is not sufficient for the deep-rooted trees.

Furthermore, if a little heavier rain should come, the water would

rush down the steep slopes of the mountains, not having time to

sink down into the ground. The tops of the mountains are there-

fore arid, because the air is too rare to hold much moisture and

quickly gives it up in light showers. Nowhere in the Rockies proper

is the moisture very great. In the foot-hill regions and on the

surrounding plains the temperature is too high in the summer to

allow any precipitation. These zones are therefore also arid.

It is at middle elevations that the precipitation is the greatest.

The air here is dense enough to hold more moisture and the tem-

perature low enough to allow precipitation. It is also at middle

altitudes that we find the forest areas in the Rocky Mountain

region.

Large mountain masses

In the Swiss Alps, observations have been made that in regions

of large mountain masses, as for instance in the Monte Rosa

region and the Engadine and others, the timber line is higher

than on isolated mountains. I have not seen any satisfactory

explanation of this fact. It may be due partly to the fact that

the central mountains of such massed groups are more or less pro-

tected from the desiccating winds. It may be due also to the

circumstances that in the winter more snow lodges between the

mountains, the melting of it is more retarded, and the water is

more arrested in its downward course by the trees and their roots.

The air in the summer time would be therefore, from the evapo-

ration, more loaded with moisture, which would naturally also

benefit the mountain tops. Whatever the real cause may be, it

seems as if the observations made in Switzerland hold good in the

Rockies. From my own experience, I know that the timber line

in the isolated Belt Mountains and Crazy Mountains in Montana
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is much lower than in the main Rockies, as for instance in the

Yellowstone Park. The Belt Mountains would not be high enough

to have a timber line if they were in the Rockies. So also in the

Wahsatch and La Sal Mountains, the timber line is much lower

than in the Rockies of Colorado. Even in the Colorado Rockies

themselves, the timber line seems to be higher in places where the

mountains are more massed. So for instance is it higher on

Mount Massive and other mountains around Leadville than on

the more isolated Pikes Peak, Sierra Blanca, or Longs Peak. I

understand that on the isolated Mount Shasta, the timber line

is much lower down than on the peaks of the Sierra Nevada, but

here it may depend upon the proximity of the ocean, the greater

moisture, and the consequently larger snowcap on Mount Shasta.

Exposure to sunlight

Exposure to the direct sunlight and protection from it evi-

dently also have influence on the altitude of the timber line, though

perhaps not so much as one might expect. The insolation on the

mountain tops in direct sunlight is very great. Schroeter esti-

mates that on the top of Mont Blanc it is 26 per cent stronger

than in Paris. The Rockies of Colorado have about the same

height as Mont Blanc and are situated from 5 to 8° farther south,

and the insolation is fully as great. The amount of light and heat

which can be absorbed by the plant is therefore much greater on

the mountain tops than on the plains. The radiation is also

very great in the higher altitudes so that the temperature in the

shadow is much lower. According to Schroeter the timber line

lies 100-200 meters higher on the southern side than on the

northern, and DeCandolle claims that the limiting line of vege-

tation, of plants in general, is at an average of 200-300 meters

higher on the equatorial side. These statements cannot be veri-

fied in the Rockies. The timber line in Colorado is, perhaps,

higher on the northern side, but this is probably due to other

conditions. The timber line trees of Colorado are mainly Picea

Engelmannii, Abies subalpina, and Pinus aristata. The first

two are trees that need a great deal of moisture, and their seedlings

require shade. These two trees are therefore more confined to

the more shady and wetter northern slopes, where they also
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extend higher up. Pinus aristata is a tree that stands much more

drought and is found more on the southern slopes, but it is a tree of

little value as a forest tree, growing scatteringly only. To me

it appears to be a species which has passed its best development

and is in process of dying out.

Physiographical barriers

One of the conditions modifying the altitude of the timber

line is to be found in physiographical barriers. Among these may

be counted snowdrifts and glaciers, but these have been already

mentioned. Besides these, the most important are precipitous cliffs

and rock-slides. Very little needs to be said about these barriers.

Neither gives the forest trees a chance to grow. Meeting one of

these barriers, the timber may cease to grow thousands of feet below

'

the physiological timber line. Wherever a steep cliff arrests the

forest, many of the alpine plants will be found growing in the

crevices, hundreds or even a thousand feet lower than usual, and

there are a few plants characteristic of the rock-slides. These may

be best included in the alpine vegetation.

Ecological timber line

Sometimes an ecological timber line is mentioned, i. e., where

bacteria in the soil and other organisms necessary for the growth

of trees cease to exist. Theoretically, I can easily see that such a

timber line may exist, but practically I have no information that

such a one is found in the Rocky Mountains, distinct from the

merely physiological one. No investigation in this line has been

made.

Economic timber line

In Switzerland there exists also an economic timber line. The

alpine meadows are there used as summer pastures for sheep and

goats. These animals make depredations on the young trees

and hinder the spreading of the forest, but in many places the

subalpine forest is actually cut down by men to make room for more

pastures. In either case the alpine conditions will be brought

further down the mountains and the timber line lowered. Such

:imber line cannot be said to exist in the Rockies.
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Alpine vegetation

After having discussed the causes of the timber line, it is easier

to define what an alpine plant is. In short, it is a plant that can

endure the climate of the mountains above the timber line. It is

a plant that requires less heat during the growing season than the

forest trees, or that can survive a shorter growing season, or is

less affected by frost, and besides can better withstand desiccating

winds, deep snow, reduced precipitation, etc., or a combination of

such conditions. Some authors claim that alpine and arctic

plants are xerophytes, but they are not necessarily so. While

most of the plants of alpine and arctic regions can withstand a great

deal of drought, in fact are xerophytic plants, it is not the case with

all. Not a few of the arctic-alpine plants require a great deal of

moisture, growing only below and around snowbanks, or in springy

or boggy ground, as for instance several species of Ranunculus,

Saxifraga (in extended sense), Sahx, and many grasses and sedges.

There are in the arctic-alpine regions even true aquatics, as for

instance among the phanerogams, Catabrosa aquatica, Phippsia

algida, Sparganium minimum, and S. hyperboreum, and a few species

of Potamogeton.

New York Botanical Garden



New ferns from tropical America— III

Margaret Slosson

,
the sterile

sublobate,

rhipidophyllum Slosson, sp. nov.

Rhizome creeping, about 5 mm. in diameter, thickly t

stipes brown and tomentose to within about 1 mm. of the lamina,

then green, slightly hairy, and winged by the narrowly and

abruptly decurrent base of the lamina, in fertile fronds 5-7 mm.
long, in sterile 1.5-3 mm. long; laminae shining bright green,

delicately papyraceous, the fertile 0.8-1. 1 cm. long, 0.7-1.3 cm.

broad, suborbicular, almost semicircular, or subtrapezoid,

apex slightly once cleft, at base subtruncate or cuneate

0.4-1.3 cm. long, 0.5-1.5 cm. broad, round-reniform '

broadly obovate; margins irregularly undulate or

marginal hairs few, slender, simple or

binate; surfaces or at least the lower one

with a few short club-shaped mostly

2-celled hairs on the veins; veins few,

distant, in the sterile fronds subflabel-

lately forked, midveins of fertile fronds

flexuose, with about 3 pairs of branches

forked 1-4 times, spurious veins short, -

almost none; cells of the lamina between

the veins variable, mostly narrow, 0.056-

0.116 mm. long, 0.020-0.040 mm. broad,

their walls 0.004-0.008 mm. broad; in-

volucres 1-2, borne at the base of the

central cleft of the lamina, almost wholly

exserted, the lips 1.5 mm. broad, their

brown border 1-4 cells deep; spores glo- 1

bose, 0.044-0.056 mm. in diameter.
tneveil

Type in the Underwood Herbarium much enlargecL

at the New York Botanical Garden,

collected on a tree in a damp forest near Onaca, Colombia, at

an altitude of 760 m., Aug. 24, 1898-99, Herbert H. Smith 2445-

A note on the label says "not observed elsewhere." A very

distinct species belonging to the section orsubgenus Didymoglossum,

687
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not likely to be mistaken for any other. Marked by its bright

shining green color, rounded, undulate or not more than sublobate

margins, and few flabellately forked veins tapering toward the

apex. From Trichomanes sphenoides Kunze, which also has fla-

bellately forked veins tapering toward the apex, it may be easily

distinguished by the greater distance between the tips of the true

veins, varying from .5 to 2 or 2.5 mm., and by the very thick

walls of the cells of the laminae.

Polystichum machaerophyllum Slosson sp. nov.

Rhizome erect, its scales light brown, 2.5-6 mm. long, ovate
to oblong, fimbriate or subfimbriate; scales of lower part of the

stipes similar, passing into minute scales scattered over both sur-

faces of the frond, which are elongate-caudate, entire or slightly

toothed, from a short more or less fimbriate-ciliate base; fronds

up to 51 cm. long, up to 7.1 cm. broad; stipes 2.5-20.5 cm. long,

brownish-stramineous or greenish, channeled on the face, rounded
at the back, the upper part channeled also or flattened on the
sides; rachis similar to upper part of the stipe; laminae brownish
olive, lanceolate or lance-linear, slightly tapering toward base,

pinnate, the apex in young fronds often deltoid-acuminate, in

mature fronds of two kinds, the first subcaudate, elongate-linear

or lanceolate, subentire or undulate or serrate-lobate, often pro-

liferous at tip, the second flagelliform and proliferous at tip, naked
or with a few small scattered pinnae, both kinds sometimes on
the same frond, the second terminating the first; pinnae mostly
alternate, 8-27 to a side, usually approximate or distant, the lower
short-stalked, the upper sessile or subsessile or adnate, often

passing into short variously shaped often obovate segments,
principal pinnae broadly cuneate-hastate, above the auricles

deltoid to linear, the basal margins entire, the outer margin sub-
entire or undulate or with one or more minute occasionally spines-

cent teeth or in large fronds irregularly crenately lobed, the lobes

sometimes mucronate, basal auricles and apex of pinnae spinescent

;

texture coriaceous-chartaceous ; venation pinnate, obscure, veins
very oblique, about 1-4 times forked, the basal auricles with
distinct midveins; sori usually about midway between the midvein
and the margin of the frond, or nearer the midvein, rarely a few
submarginal; indusia more or less erose or with a few cilia; spo-

rangia glabrous; spores cristate.

Type in the Underwood Herbarium at the New York Botanical

Garden, collected at Arroyo del Medio, above the falls, Sierra
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Nipe, Oriente, Cuba, altitude 450-550 meters, December 22, 1909,

/. A. Shafer 3262. The label reads r "Shaded rocks near water."

This plant is closely related to both Polystichum ilicifolium

Fee and P. triangulum (L.) Fee, and very likely may be a hybrid

between the two. Numerous specimens have been seen, all

Cuban, and excepting Wright's specimens, all from the Province of

Oriente. Wright's specimens bear the indefinite inscription of

"Cuba" and "Cuba orientale," but are dated 1859, i860, and

1 865 . During the first two years Wright is known to have collected

in the Province of Oriente, but in 1865 he is believed to have

collected only in the western part of Cuba.*

Polystichum machaerophyllum in a mature state is easily dis-

tinguished from P. triangulum by the peculiar apices of the fronds,

varying from long-drawn-out to fiagelliform, non-proliferous to

proliferous. It is more likely to be confused with P. ilicifolium,

but may be known by the proportionately broader and shorter

laminae; their darker olive-green color, resembling that of P.

triangulum; and the larger and longer pinnae, distinctly biauricu-

late at base, with the part above the basal auricles not short and

margined with large sharp oblique spinescent teeth, as in P. ilici-

folium, but more or less extended and subentire or very slightly

toothed or crenately lobed, the lobes entire or minutely mucronate.

The indusia are peculiar, varying from only slightly erose to

markedly so with a few cilia. The indusia in P. triangulum are

entire, and in P. ilicifolium vary from markedly erose to con-

spicuously long-ciliate. P. decoratum Maxon, the only other

Cuban Polystichum known with fronds fiagelliform at apex, may

be readily recognized by its pinnae widely excised, not auricled,

at base on the lower side.

The following specimens of P. machaerophyllum at the New

York Botanical Garden and in the U. S. National Herbarium in

Washington have been examined

:

Cuba: Camp La Gloria, south of Sierra Moa, Oriente, Dec.

24-30, 1910, Shafer 8096; bank of river among stones, Camp La

Barga, Oriente, altitude 45<> meters, February 22-26, 1910,

Shafer 4127; on moist rocks, Cooper's Ranch, base of El Yunque

Mountain, Baracoa, March, 1903. Underwood & Earle 1179, nSo;

Bull. Torrey Club 32: 298, 300. 1905-
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vicinity of Baracoa, February 1-7, 1902, Pollard, Palmer <

Palmer 237; "in Cuba Orientale," 1859, i860, C. Wright 828 i

part; without specific locality, 1865, C. Wright 828 in part.*

1-3. Trichomanes rkipidophyllum; i, rootstocks and leaves, slightly reduced;

sterile and fertile frond, enlarged, showing venation; H. H. Smith 2445-

4. 5. and unnumbered figures. Polystichum machaerophyllum; 4. indusia, en-

2d. Shafer 3262; 5, scale from stipe, enlarged. Wright 828; unnumbered figures,

jus forms of the plant, reduced, Shafer 3262. (Some of the basal auricles of the

ae do not show clearly in the photograph, owing to a slight infolding of the

i specimens.)

U. S. National Herbarium the
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nata subdigyna, 537; Novae-Angliae, Cistaceae, 613

538; Novae-Angliae deflex

:
sea deflexa, 538; pilulifera

Novae-Angliae, 540; pityophila, 532,

545; Rossii, 530, 532, 541; Rossii

brevipes, 540; tonsa, 531. 533. 553;
390; umbellata, 529-533.

549-552; umbellata brevi;

varia, 536,

Carex umbellata and its allie

Carpinus caroliniana, 387, 38
Carpolithus, 573; floribundus :ina, 167; aurantiaca,

Cassia, 573; nictita

Castanea dentata,

bispida, ,.

Casuarina, 583
Catabrosa aquatica, 686

Ceealyphum calicinum, 661
Celastraceae, 605
Celastrophyllum, 573; Brittonianum,

.

Cobaea scandens, 589
jCocculus, 573; cinnamome
Coelastraceae, 84
Cogswellia leptophylla, 74;

robustior,

I

Coniophora cerebella,



405;Lecont'ei, 405 Cynoglossum officinale, 481
! to the Mesozoic flora of Cynomarathrum latilobum, 7.5; N'utrallii.

the Atlantic coastal plain—IX. Ala- 72, 73; Parryi, 73
bama, 567 Cynontodium rufescens, 65

Convallaria, 582
Convallariaceae, 582 Cyperaceae, 577
Convolvulaceae, 466 .lovegetus, 383, 387. 393
Conyza chinensis, 306; odorata, 306;

patula, 306
Cyrtomiiim. 204; Boydiae, 204; caryo-

Cystium, 51; araneosum, 50; boiseanum,

50; Coulteri, 50; ineptum, 50; lenti-

cava, 585 ginosum, 50; platytropis, 50
Cordylanthus. 484; bicolor, 484; ramosa, Cystopus, 501

484; Wrightii, 484 Czekanovvskia capillaris, 569
Coriophyllus, 69; Betheli, 70; Jonesii, 70;

Dacryomyces chrysocomus, 141; de-

Cornophyllum vetustum, 571 liquescens, 140, 141, 164

Cornus canadensis, 492; florida, 385. 3S7-

390; stolonifera, 498 Daedalea unicolor, 138
Dalea parviflora, 51

lilacino-fuscum, 143, 165; roseo-pallens, Daphne, 588

138
Craccp virginiana, 387. 390 127; macrophylla. 123

Crataegomespilus Asnieresii, 371 Dasyphora fruticosa, 498
Craterellus cornucopioides, 1

Dasystephana ealycosa, 464; glauca, 464;
monticola, 464; obtusiloba, 464; ore-

Dasystoma bignoniiflora, 410; dispersa,

411; flava, 410; laevigata, 494; pecti-

:
-

Cristaria coccinea, 58 411; quercifolia, 410; qua

Daucophyllum, 68, 72; lineare, 69; tenui-

majus, 614-616; propinquum, 615, 616
Daucus pusillus, 383, 387. 389. 393
Decodon verticillatus, 609

Cryphaea filiformis, 657 Dentaria heterophylla, 496

Cryptanthe ambigua, 481; ealycosa, 481; Deparia Macraei, 221; triangularis, 221

flaccida, 481; flexuosa, 481; Hillmani, Dermatophyllites acutus, 571
Development and behavior of the chromo-

. Grayi, 50 of the pollen mother cells of Allium

I't-po. S90 cernuum Roth, The, 555
Development of the embryo-sac of Ari-

saema triphyllum. The, 229

Cunila origanoides, 496 Development of the peristome in Cera-

Cuscuta curta, 466; Gronovii curta, 466
Dewalquea groenlandica, 569; Smithi,

Cyanopis, 306; pubescens, 306; villosa, 571. 573
Dicksonia groenlandica, 571, 572; pro-

Cyaiuhillium. 306; chinense, 306; pubes-
Dicranum asplenioides, 662; cahrinum,

' 661; polypodioides, 661

Dictamnus albus, 587



Dieffenbachia Seguine, :

Dioscorea villosa, 39°
Diospyros amboyensis, 571

ana, 388, 392, 496

m, 223; marginale,

Dracopis amplexics

Drosera, 442, 586

Dryopteri

Eatonia n

f the leaf hairs of Salvin

foliosa, 478'; penduliflor

Endothia para
Entodonaceae,
Eorhamnidium, 573

ca, 488

a, 63; Hammc

Erigeron ramosus, 386, 387
Eriodictyon angustifolium, 479

Eryt£onium, 578
^

Esterhazya, 119, 123

Eucalyptus attenuata, 569; Geinitzi,
;

Eugenia, 573
Eulophus, 67
Eupatoria conyzoide;

Ceratodon purt

Exobasidium And

Fagopyrum <

Ferns and

Fraxinus nigra,

'

sp.. 383. 392
Fritillaria, 465. 57»
Fromme, F. D. The culture of cereal

Funaria hygrometrica, 97, 107

5:o

Galtonia c



ica, 464; Macoun

, 4.53; auiieulaui,

407; cuneifolia, 12

438; filifolia, 429; filifolia

jOrtner, R. A., & Harris, J. A. On

structural peculi,uiti<< ot normal an-1

Gossypium, 588; herbaceum, 6, 9, 12,

472; cephaloidea, 468-
468-471; congesta creb-

Gruvelia, 479; pi

Guepinia helvellc

;ens, Helleborus foettdus, 584
igid- Hemerocallis fulva. 577



Hibiscus Moscheutc

Homalia glabella, 664
Homalobus, 48, 51, 52

collinus, 53; debilis
:

>6i; polytrichoides,

ns, 665 ; pungens,

;
spinaeforme, 654; T

. of>9

53 ; Carionis, 668;

; Purshiana, 45
Houstonia coerule

Howellia aquatilis, 485
Hoyt, W. D. Some toxic and

effects in cultures of Spirogyn

Hydrodictyon, 79, 8o, 83-85
Hydrolcaceae, 478
Hydrophyllum Watsonii, 478; occi

e, 609-611;

Hypochnus Sambuci, 164; subtilis,

164

Hypopitys lanulosa, 461; latisquam
Hypopterygium brasiliense, 666; ps

tamarisci, 666; Tamarisci, 665

Iberis, 586
Ilex fastigiata. 613; Masoni, 571,

Illiamna, 60; acerifolia, 60; angulat

Index to American botanical liter

Isothecium
tetragonur

rginiana, 383. I

O. The influence of stai

ous nitrates to \

) Sacc, 625; The product



Lappula erecta, 480

Leguminosites, 573; ompha
Lentodium squamulosum, 1;

Lenzites betulina, 138; flacci

Lepidium virginicum, 383

Lithospermum arvense, 481
Lloyd, F. E. Leaf water and stomatal

movement in Gossypium and a method

Loasaceae, 61

Lobelia leptostachys, 49 5, 497; puberula,

496

Lotus, 451 americanus, 45; Macbridei

45
Lunaria, 586
Lupinus aduncus, 44; argenteus a

phyllus, 44; argentinu

44; Kingii, 43; lepidus

tensis, 44; oreophilu , 44; plumo

Lycopodium, 489,



Melampyrum lineare, 493
Melandrium rubrum, 584
Melanthaceae, 577

chromosomes in the first or he.-: t pic

e pollen

:.l Rnti 555

:

Musa, 583
-

1 . 1, am, 68, 69
Mycena galericulata, 15

394; emargina
571-573

Myrsine boreal s, 5*9. 5 ;i, 573; Gaud



Observations on the geographic
sition of the Sugar Grove flor

Observations on the inceptioi

and duration of cambium dei

(DuRoi) Koch), 271
Octoblepharum albidum, 653, 1

Oenothera, 588;

Index

mpo- Papillari;

teratological fruits of Pass

and some phj

480; pustulosa, 480

Oreodaphne, 573
Oreoxis, 68, 70, 71, 73; MacDougali, 6i

Orobanchaceae, 485
Orthocarpus hispidus, 484
Orthostichopsis tetragona, 673

Otophylla,

iium Bonplandi, 655,

Panicum polyanthes, 496; scoparii

polydenia, 47
Parthenium argentaturn

Passifiora coerulea, 588; gracilis

Oederi, 485; sylvestris, 589
Pelargonium, 367-372; Madam J

368-371; zonale, 367
Pelargonium, A case of bud-varia

367
Peltandra undulata, 577
Pelvetia, 241
Peniophora globulosa, 161; querc

Pennell, F. W. Studies in the I

nae, a subtribe of the Rhinan

bertinus. 482; azureus, 483; caes

cosus, 127; glaber, 48.^ -

:

482, 483; Kingii, 483; Leonardi, 483;

l ;
Silerana, 4



hispida, 479; humilis, 47

g

385. 386-390; palustris, 394

271, 272; Taeda, 381, 382, 387

Phacopsis scaphoides, 52
Phallus irapudicus, 169 ma, 656
Phascum, 653 Pisum, 586
Phaseolites formus, 571. 572 Plagiobotrys arizonicus, 481

Planera aquatica, 392
Phellopterus, 73 Plantago aristata. 383. 387. 389
Philibertella cynanchoides, 466; hetero- Platanus, 573; latior, 572; occi

phylla, 466 383. 385-389. 392
Philonotis sphaericarpa, 659 Pleopeltis linearis, 201; nuda, 20

Igida. 686 trum, 202; Thunbergiana, 201

Phlebia, 138 Pleuropus, 655; congestus, 65

Phlox aculeata, 468; albomarginata, 467;
alyssifolia, 467; alyssoides, 467, 468;

i

. Itatum, 585
Podozamites, 568; marginatus, 5-

prostrata, 468; bryoides, 467; caespi- Pogonatum convolutum, 657;
tosa, 467, 468; collina, 467, 468; con- 657; urnigerum, 654
densate 467; costata, 467: Covill-i, Polemonium californicum, 477
467; dasyphylla, 468; densa, 468;
diapensioides, 467; Douglasii, 468; catum, 476, 477; Grayanun
glabrata, 467. 468; Hoodii, 4"7; Hoo-iii

glabrata, 468; Hookeri, 474; Kelseyi, mellitum. 478; mexicanum, 47

Picea Engelmannii, 684
Pickett, F. L. The development

Polygon
Polypod %, 200; Adeno-

, 205; Gaudichaudii, 194; glab-

195 ; Haaliliolanu

ense, 198, 199; h
199; Helleri, 198, 199; Hille-

ophylloides, 194 199; Kaul-

196; Knudsenii, 93. 195- 196;

leiopteris, 201; lineare,

99; pellucidum,
Pseudogrammitis, 193,

195. 196; Saffordii, 194. x 97;

e glabra, 195;

195: etigerum. 194: Spectrum, 201;



Polystictus conchifer, 138; versicolor, 1

Polytaenia Nu tallii, 384
Polytrichum,

glaucinum, 657. 65
Husnotianurr

ata, 569; deltoides, 38
389, 392, 39 ; heterophylla, 383, 49

72; tremuloides, 498
Poria, 143, 167 incrustans, 138
Porotrichum fasciculatum, 665
Porteranthus stlpulatus, 496, 407
Potamogeton, 6

Potentilla, 587
Primula, 589;

462; specaicola, 461, 4
Prionodon densus, 667
Production of promycelium by t

of Caeoma nitens Burri

Protodammara
Protophylloclad us subintegrifolius, 572
Prunus angusti olia, 383. 38s. 387. 389

662; quadrifariun

Pterobryum filicinu

Pterogonium fulge

46; stenostachys, 4<

he Hawaiian Island:



, 383; Patientia, 584

1; lepida, 169;

573; fastigiata, 5

571. 573; Reichenbachi, 569, 570, 57



-

Stropharia
globata, i<><;

Studies in the Agalii

j XXIX
Studies on the

Stylosanthes biflora, 49"
ivantii, 407

llaria, 465
s foetidus, 229, 23:

Syringa, 589



Index

; lepto- I 25 <

neglecta, 31

-260; pedatifida :

4; proclivis, 312, folia, 262, 494; sagittata,

122; reducta, 313,
j

260, 622, 623; sororia,

;
Sagraeana, 320, 266, 270; Wilmattae, 2;

" Viola ".

! Viola pedatifida, Four hybrids

!6o, 265,

iolets, 261
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